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ABSTRACT 
The pathogenicity tests were conducted using five inoculum levels of each 
pathogens i.e. Meloidogyne incognita, F. oxysporum f.sp. ciceri and R. solani 
separately on chickpea. Investigations on the pathogenicity of M. incognita, F. 
oxysporum f sp. ciceri and K solani confirmed the destructive effect of these three 
pathogens on chickpea cv. Avrodhi. Lowest populations of the three test pathogens 
caused no significant damage or plant growth reduction. Significant damage to plant 
growth occurred at or above 1000 juveniles ofM incognita and/or 1.0 g or above of 
F. oxysporum f sp. ciceri and K solani per kg soil both in unbacterized and bacterized 
plants. The test pathogens also reduce the number of pods, chlorophyll content, and 
nodules per plant. However, significant reduction in nodulation was recorded at 500 
larvae of nematode and/or 0.50 g fungus. F. oxysporum f sp. ciceri was more 
damaging than R. solani and M incognita. A significant linear relationship between 
initial and final nematode population was observed but, the rate of nematode 
multiplication decreased with the increase in the inoculum level. Root galling was, 
however, directly proportional to inoculum level showing an increase vwth the 
increasing inocula of nematodes. Similar trend was observed with respect to increase 
in wilt incidence and root-rotting in the increasing inoculum levels of fiingus. 
Interactions between M incognita, F. oxyqwrum f sp. ciceri and R solani was 
studied using variable inoculum levels and their combinations. In the individual 
inoculation of the test pathogens, the reduction in plant growth, pod yield and 
nodulation was inoculum dependent. The reduction in plant growth, pod numbers and 
nodulation was directly proportional to the increase in the inoculum level of test 
pathogens. Initial incoulum level did not cause any significant reduction in plant 
growth, hov\^ «'s«r, in the iitereasing inocula and all concomitant inoculations of the test 
p,^^^^^^, the reduction was statistically significant over uninoculated control. 
Nematode multiplied to varying degree when inoculated alone. Nematode 
multiplication rate (Rf) decreased at the higher inoculum levels of nematode both in 
bacterized and unbacterized plants. Number of root galls increased in the increasing 
inocula of nematode. Both fungus {Fusarium oxysporum f sp. ciceri and Rhizoctonia 
solani) showed an antagonistic effect on the rate of nematode multiplication and root 
galling. The antagonistic effect was higher at highest fimgal inoculum levels when 
used with lowest inocula of nematode. Wilt and root-rot enhanced with the increase in 
the inoculum levels of both fungus alone and in its different combinations with 
nematodes. Maximum wilting and root-rot was observed at highest inoculum level of 
both fungus F. oxysporum f.sp.ciceri and Rhizoctonia solani respectively. In all the 
concomitant inoculations, the effect of interaction on plant growth and nodulation, 
pod yield was less. On the other hand, the wilting and roo rotting due to fungus 
increased markedly in all combinations with nematode, the highest being in 
simultaneous inoculation at higher doses of both pathogens and least in the lower 
inocula of the test pathogens. 
Unbacterized plant showed lesser growth and greater damage than bacterized 
ones, when inoculated singly or in various combinations. Rate of nematode 
multiplication and root galling was highest in absence of Rhizobium as compared to 
bacterized ones either individually or in different combinations the both of 
pathogens. Wilting and root-rotting was also highest in concomitant inoculation of 
both the pathogens in absence of Rhizobium. 
Studies were conducted to investigate the impact of M incognita, F. 
oxysporum f sp. ciceri and R. solani singly or concomitantly on chlorophyll contents 
of chickpea plant cv. Avrodhi in absence and presence of Rhizobium. Pathogenic 
infections caused a considerable variation in chlorophyll contents. Chlorophyll 
contents were reduced in individual and concomitant inoculations of the test 
pathogens. The loss was significantly high in concomitantly inoculated plants than in 
those inoculated singly. The chlorophyll content was less in unbacterized plants than 
the bacterized ones. 
Effect of biocontrol agent, Trichoderma harzianum on nematode and fungi: 
Trichoderma harzianum was tested against wiU-fungus, F. oxysporum f.sp. 
ciceri and root-rot fungus, R. solani singly or in combination with root-knot nematode 
Meloidogyne incognita on chcikpea plant. T. harzianum was found effective against 
all the pathogens in diflferent treatments. As a consequence, all the plant growth 
parameters i.e., plant length, fi"esh weight, dry weight, number of pods, chlorophyll 
contents and nodulation were increased (Tables 11,12,13,14, 15, 16). The 
improvement in all the growth parameters were greater in presence of Rhizobium as 
compared to unbacterized plants. Nematode population, wilting and root-rot reduced 
in T. harzianum treated plants. 
Effect of T. harzianum in combination with different oil cakes against fungi and 
nematode on ciiickpea: 
Pot experiments were conducted to study the efiFect of different oil cake 
(neem, castor, piludi and sunflower) against F. oxysporum f sp. ciceri, R. solani and 
M incognita on chickpea. Incorporation of oil seed cakes of neem, castor, piludi and 
sunflower proved to be highly effective against all the three pathogens alone and in 
combination on chcikpea. Among all the oil seed cakes, neem cake was found highly 
efifective followed by castor, piludi and sunflower in limiting the detrimental effects 
of the pathogens and increasing the growth parameters of chickpea 
Nematode population was highly reduced in neem cake amended soil followed 
by castor, piludi and sunflower. Highest reduction in fi-equency of pathogenic fungi 
was also recorded in neem cake amended soil followed by castor, piludi and 
sunflower. Greatest reductions in nematode population and frequency of pathogenic 
fungi were recorded when T. harzicmum was applied along with oil seed cakes. Neem 
seed cake with T. harzicmum gave the best resuhs followed by T. harzianum with 
castor, piludi and sunflower (Tables 13-16). 
As a consequence of decrease in the population ofM incognita, and frequency 
of F. oxysporum f sp. ciceri and R. solani, the plant growth treatments, number of 
pods and nodulation of chickpea increased. There was a positive correlation between 
the improvement in plant growth and reduction in pathogenic nematode and fungi 
(Tables 13-16). In the absence of either of the pathogen, the plant also showed 
improved growth, number of pods, and nodulation in comparison to untreated controls 
when subjected to the oil cake amendments and T. harzianum. 
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CHAPTER 1 mTRODUCnON 
Pulse crops occupy very important position in India as they contain nearly 
three times as much protein as in the cereals. They are, therefore, the main source of 
protein (Jeswani and Vanchaik, 1968; Chand and Srivastava, 1982) for the 
predominantly large vegetarian population of the country. Being rich source of 
protein, they provide about 20% (approx. 150 tonnes) of the world production of plant 
protein (Shanna and Varshney, 1999). The protein of pulses is nutritionally superior 
and important as the amino acid and lysine is found in larger quantity than in the 
cereal protein (Kharkwal, 1998d). Pulses are cultivated in almost all the states of India 
either alone or mixed with other crops. Legumes include pulses, vegetable and rich 
source of fodder for cattle (Kaul and Sekhan, 1974), and green manuring. 
These crops are generally included in cropping system patterns as they help to 
keep the soil alive and productive because of their ability to fix atmospheric nitrogen 
with the help of nitrogen fixing bacteria. In India, legume crops are cultivated in 
22.47 million hectares with an average production of 13.38 million tonnes (Ali et al, 
2006). 
Chickpea {Cicer arietinum L), a pulse crop belongs to the family Fabaceae, is 
believed to have originated in south Eastern Turkey and adjoining parts of Syria 
(Singh, 1997). 
Chickpea (Cicer arietinum L.) is one of the most important pulse crops of 
India and the best legume for human consumption. It occupies about V* of wheat 
acreage of India and constitutes nearly 2/5 of the pulse crops of the country. Chickpea 
was grown over an area of 7.22 million hectare with a production of 6.01 milUon 
tonnes. 
Chickpea is always cultivated as a winter (Rabi) crop throughout India, 
specially in the northern states like, Uttar Pradesh, Himachal Pradesh, Rajasthan and 
Haryana accounting for more than 6 million hectares (Ramanujan, 1997). It is grown 
alone or mixed with wheat, barley, linseed and mustard. Chickpea does not need very 
fine seed bed. Sowing is done in October and November. The crop matures within 90 
to 150 days after sowing, depending upon the crop variety. Harvesting is usually done 
fi-om middle of March to April. 
Chickpea is a good source of protein (25.3-28.9%), fibre (3.0%), oil (4.8-
5.5%), ash (3.0%), calcium (0.2%), phosphorus (0.3%). Digestibility of protein varies 
fi-om 76-78% and its carbohydrate fi-om 57-60% (Hulse, 1991; Huisman and Van der 
Poel, 1994). Raw whole seeds contain per 100 g: 357 calories, 4.5-15.69% moisture, 
14.9-24.6 g protein, 0.8-6.4% fat, 2.1-11.7 g fibre, 2-4.8 g ash, 140-440 mg Ca, 190-
382 mg P, 9.0 mg Fe, 0.0-225|ig p-carotene equivalent, 0.21-1.1 mg thiamin, 0.12-
0.33 mg riboflavin and 1.3-2.9 mg niacin (Duke, 1981; Huisman and Van der Poel, 
1994). The amino acid composition of seeds with 19.5% protein, 5.50% oil is (per 16 
g N): 7.2 g lysine, 1.4 g methionine, 8.8 g arginine, 4.0 g glycine, 2.3 g histidine, 4.4 
g isoleusine, 7.6 g leusine, 6.6 g phenylalanine, 3.3 g tyrosine, 3.5 g threonine, 4.6 g 
valine, 4.1 g alanine, 11.7 g aspartic acid, 160 g glutamic acid, 4.3 g proline, and 5.2 g 
serine (Duke, 1981; Huisman and Van der Poel, 1994; and Williams et al, 1994). 
Chickpea seeds are eaten fi-esh as green vegetables, parched, fiied, roasted, 
and boiled; as snack food, sweet and condiments; seeds are ground and the flour can 
be used as soup, dal, and to make bread. Dal is the split chickpea without its seed 
coat, dried and cooked into a thick soup or ground into flour for snacks and 
sweetmeats (Hulse, 1991). Sprouted seeds are eaten as a vegetable or added to salads. 
Young plants and green pods are eaten like spinach. Animal feed is another use of 
chickpea in many developing countries. Gram husks, and green or dried stems and 
leaves are used for stock feed, whole seeds may be used as meal directly for feed. 
Although most of the chickpea production and consumption is in India (>70%), the 
crop is also important in other countries of Asia, Europe and America (ICRISAT, 
1986). 
Agriculture is one of the major factor of the Indian economy, as 70% of 
population is dependent upon it for their livelihood and contributes over 40% of the 
gross production. Some most important crops are attacked by various kinds of 
pathogens viz. plant parasitic nematodes, fungi, viruses and bacteria either alone or in 
association >vith one another and causes serious damage to plants. 
Plant-parasitic nematodes continue to threaten agricultural crops, throughout 
the world. Estimated over all average annual yield loss of the major crops due to 
damage caused by phytoparasitic nematodes is 12.3% while in chickpea alone it is 
13.7% (Sasser, 1989). The national loss due to plant parasitic nematodes in 24 
diflferent crops in monetary terms has been worked out to the tune of 21068.73 million 
rupees. That the financial assistance given during Xth plan for nematode research 
under AICRP on Nematodes was 5.7 per cent of the monetary losses caused by 
phytonemtodes (Jain et al., 2007) 
Root-knot nematodes cause severe growth retardation of plants with fewer and 
smaller chlorotic leaves and produce root galls. On the roots due to hypertrophic and 
hyperplasia activities in the root tissues under the influence of endoparasitic sedentary 
nematodes. 
Chickpea, like other food legume crops, are also affected by several soil borne 
fungal pathogens that infect and injure roots and lower stem tissues. Chickpea is 
fi'equently attacked by a wilt caused by Fusarium oxysporum f sp. ciceri which is 
world wide in distribution (Woltz and Jones, 1981; Nene et al. 1981, 1989). The 
fungus causes severe yield losses in chickpea, in India it is 10-15%, which in years of 
severe epidemics may rise to 60-70% (Jalali and Chand, 1992). The disease is wide 
spread in the chickpea growing areas of the world and reported from at least 33 
countries (Nene et al, 1996). However, it was observed that early wihing causes 77-
94% losses while late wilting causes 24-65% losses (Haware and Nene, 1980). The 
pathogen is both seed and soil borne; facultative saprophyte and can survive in soil up 
to six years in the absence of susceptible host (Haware et al, 1986 b). 
The Rhizoctonia fimgus is also a soil inhabitant and causes serious disease on 
many hosts by affecting the roots, stem, tubers, corns and other plant parts. 
Rhizoctonia is known as sterile fungus. Its perfect stage is Thanatophorus cucumaris. 
The disease caused by Rhizoctonia determined throughout the world and causes losses 
on most annual plants including almost all vegetables and several field crops (Pascual 
etal, 1988). 
Among various pests and diseases, nematode fungus disease complex 
particularly of root-knot nematode, Meloidogyne incognita and wilt fungus Fuarium 
oxysporum poses a great problem to the cultivation of pulse crops by inflicting severe 
yield losses (Perveen et al., 1999; De et al., 2000; Mahapatra and Swain, 2001). There 
are large number of flmgi inhabiting the rhizosphere, which might have influencing 
the disease complex situation involving nematodes and pathogenic fiingi. Therefore, it 
becomes imperative to manage these pathogens on their respective hosts in order to 
have more economic value and better quality of crops. Since many of the most 
commonly used pesticides for disease management are expensive or being withdrawn 
from the market due to their harmfiil effects on humans, their persistence in the soil or 
their contamination of ground water. Using resistant varieties have been found to be 
susceptible after some years because of breakdown in their resistance and evolution of 
variability in the pathogen. Therefore, biological control and organic amendments are 
the only solution to maintain plant health. That's why investigators are concentrating 
their efforts on integrating biological control agents in plant disease management 
strategies (Jatala, 1986). The use of microorganisms that can grew in the rhizosphere 
are ideal for use as biological control agents. Rhizosphere provides the initial barrier 
against pathogen attack to the root (Weller, 1988). However, despite this wide 
interest, only a few biocontrol products ar-e commercially available at present 
(Upadhyay and Rai, 1988). Of the various microorganisms present in the rhizosphere, 
Rhizobium, antagonistic fungus, Trichoderma harzianum and oil cakes with high 
nitrogen contents are noteworthy as biocontrol agents. 
Rhizobia (Greek word Rhiza = Root and bios = Life) are soil bacteria that fix 
nitrogen after becoming established inside root nodules of legumes (Fabaceae) and 
produce toxic metabolites inhibitory to many plant pathogens (Haque and Ghaffar, 
1993). 
Roslycky (1967) reported production of an antibiotic bacteriocin while 
Chakroborty and Purkayastha (1984) reported greater production of phytoalexin fi-om 
seeds having Rhizobium. Chickpea like other legumes are capable of fixing and 
utilizing atmospheric nitrogen through symbiotic relationship with Rhizobium 
bacteria. The crop thus improve soil fertility and economize crop production not only 
for themselves but also for the next cereals and non-legume crops grown in rotation 
and thereby minimizing the regular rate of nitrogen fertilizer. All this suggest that 
application o^ Rhizobia bacteria increases nitrogen and plant growth, which resuUs in 
protecting plants fi^om damage caused by pathogens. Legumes stimulate rhizobia 
much more than other rhizospheric microorganisms (Nutman, 1965). 
Trichoderma is a cosmopolitan saprophytic fungus widely used as a biological 
control agent in the fight against plant diseases caused by economically important 
plant pathogens. Trichoderma are common in soil (especially water logged soil), dung 
and decaying plant materials. Trichoderma spp. are strongly antagonistic to 
nematodes and other fiingi. Trichoderma spp. indeed have the ability to control plant 
diseases. It can colonize and protect the entire root system of the crop. Moreover, it is 
effective against a wide range of plant pathogenic fungi including Pythium spp., 
Rhizoctonia solani, Fusarium spp., Botrytis cinerea, Macrophomina phaseolina, 
Sclerotium rolfsii, and Sclerotinia homoeocarpa ((Elad et al., 1971; Bell et al., 1982; 
Wells et al, 1972; Sivan etal, 1987, 1993; Ghaffar, 1992; Inbar etai, 1996; Naseby 
et al., 2000, Bunker and Mathur, 2001; Khan et al, 2004; Srobarova and Eged, 2005; 
Brewer and Larkin, 2005; Dubey et al, 2006; Santamarina, 2006; Rojo, 2007 and 
Nikam, 2007). 
Use of plant residues and organic amendments has been recognized as an 
effective way of achieving substantial population reduction of plant pathogenic life 
forms like nematodes, fiingi etc. Organic amendments such as oil cakes and 
biocontrolling agents have been reported by several workers for the management of 
plant diseases (Anver, 2003; Ahmad et al, 2004). Combined use of organic 
amendments (oil seed cakes) and microbes appears to be an interesting approach for 
the maintenance of soil productivity, as well as useful in management of root-knot, 
Fusarium wilt, root-rot diseases and improvement of plant growth. For a healthy 
environment there is a need to develop safe and effective methods for biocontrol to 
nematode and fungal diseases. 
The aim of the present study is to focus attention on microbes which can be 
used for the management of root-knot nematode (Meloidogyne incognita) and fiingi 
(Fusarium oxysporumf. sp. ciceri and Rhizoctonia solani) on chickpea. The present 
work is having following aspects -
1. Effect of different inoculum levels of root-knot nematode, Meloidogyne 
incognita on plant growth of chickpea (Cicer arietinum) var. Avrodhi in the 
absence and presence ofRhizobium. 
2. Effect of different inoculum levels of wilt fiingus, Fusarium oxysporum f sp. 
ciceri on plant growth of chickpea (Cicer arietinum) var. Avrodhi in the absence 
and presence oiRhizobium. 
3. Effect of different inoculum levels of root-rot fungus, Rhizoctonia solani on 
plant growth of chickpea {Cicer arietimim) var. Avrodhi in the absence and 
presence oiRhizobium. 
4. Effect of individual and concomitant moculations of variable inoculum levels of 
root-knot nematode, Meloidogyne incognita and wilt fungus, Fusarium 
oxysporum f sp. ciceri on plant growth, nematode multiplication and wilt index 
in chickpea {Cicer arietinum) var. Avrodhi in the absence and presence of 
Rhizobium. 
5. Effect of individual and concomitant inoculations of variable inoculum levels of 
root-knot nematode, Meloidogyne incognita and root-rot fungus, Rhizoctonia 
solani on plant growth, nematode multiplication and root-rot index in chickpea 
{Cicer arietimim) var. Avrodhi in the absence and presence oiRhizobium. 
6. Effect of variable inoculum levels of biocontrol agent, Trichoderma harzianum 
with root-knot nematode, Meloidogyne incognita; wilt fungus, Fusarium 
oxy^wrum f sp. ciceri and root-rot fungus, Rhizoctonia solani on plant growth, 
nematode multiplication, wih and root-rot index in absence and present of 
Rhizobium. 
7. Effect of individual and simultaneous inoculation of biocontrol agent 
Trichoderma harzianum, root-knot nematode, Meloidogyne incognita and wilt 
fungus, Fusarium oxysporum f. sp. ciceri on nematode multiplication, wilt index 
and plant growth of chickpea {Cicer arietinum) var. Avrodhi in the absence and 
presence oiRhizobium. 
8. Effect of individual and simultaneous inoculation of biocontrol agent, 
Trichoderma harzianum, root-knot nematode, Meloidogyne incognita and root-
rot fungus, Rhizoctonia solani on nematode multiplication, root-rot index and 
plant growth of chickpea (Cicer arietinum) var. Avrodhi in the absence and 
presence oiRhizobium. 
9. Effect of neem, castor, piludi and sunflower seed cakes and biocontrol agent, 
Trichoderma harzianum on the development of root-knot nematode, 
Meloidogyne incognita and wilt fungus, Fusarium oxysporum f sp. ciceri and 
on the growth of chickpea {Cicer arietinum) var. Avrodhi in the absence and 
presence oiRhizobium. 
10. Effect of neem, castor, piludi and sunflower seed cakes and biocontrol agent, 
Trichoderma harzianum on the development of root-knot nematode, 
Meloidogyne incognita and root-rot fungus, Rhizoctonia solani and on the 
growth of chickpea {Cicer arietinum) var. Avrodhi in the absence and presence 
oiRhizobium. 
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CHAPTER 2 REVIEW OF LITERATURE 
Plant-parasitic nematodes are found in all agricultural regions of the world. 
They severely damage a wide range of agricultural crops, causing serious yield losses 
worldwide, especially in the tropical and subtropical regions, where environmental 
factors favour their survival and dispersal (Sikora and Fernandez, 2005). Estimated 
overall average annual yield losses of the world's major crops due to damage caused 
by phytoparasitic nematodes is about 12.3 per cent. On a worldwide basis, the ten 
most important genera of plant-parasitic nematodes are reported, these are 
Meloidogyne, Pratylenchus, Heterodera, Ditylenchus, Globodera, Tylenchulus, 
Xiphemma, Radopholus, Rotylenchulus and Helicotylenchus. 
Among the root-knot nematodes, Meloidogyne javanica, M. incognita, M. 
arenaria and M. hapla, are of major agronomic importance, bemg responsible for at 
least 90% of all damage caused by these nematodes (Castagnone-Sereno, 2002). 
These nematodes can be particular menace in third world countries where most 
peasant farmers are unaware of these "hidden enemies" and do not take steps to 
manage them. It causes galls on the roots of the host plant, thus commonly known as 
root-knot nematode. 
Meloidogyne spp. are polyphagous infecting a large group of host plants. It is 
a serious problem on vegetables (tomato, bringal, okra, carrot, cucurbits, raddish, 
spinach etc.), pulses (chickpea, pigeonpea, pea, cowpea, mungbean, frenchbean, 
lentil, mothbean etc.), oil-seeds (groundnut, soybean, sesame), fibre crops (cotton, 
jute), fruit trees (citrus, banana, apple, grapevine, guava, papaya etc.), plantation crops 
(coffee, tea) and even cereals and millets. These species have been reported from 
more than 2000 host plants. They are major pathogens in their own right and through 
their interaction with other disease-causing agents (Sidhu and Webster, 1977, 1981b). 
Since plant-parasitic nematodes are in constant association with saprobic, pathogenic 
and symbiotic microorganisms present in the rhizosphere, therefore, it is logical to 
consider interaction between these groups of organisms. 
In nature plants are rarely exposed to the influence of a single pathogen. 
Fawcett (1931) recognized that 'nature does not work with pure cultures' and that 
many plant diseases are influenced by associated organisms. All interactions of plant-
parasitic nematodes with other plant pathogens have three components: nematode, 
host and other pathogens. The plant pathogens known to interact with nematodes are 
mainly viruses, bacteria and fungi (Khan, 1993). Interaction between fungi and 
nematodes have been recognized since 1892, when Atkinson reported Fusarium wilt 
of cotton {Fusarium oxysporum f sp. vasinfectum (Atk.) Synder and Hansen was 
more severe in presence of root-knot nematodes (Meloidogyne spp.) than in their 
absence. Several workers have been reviewed the work on interaction of plant-
parasitic nematodes with fungi on various crops (Pitcher, 1965, 1978; Powell, 1971a, 
1979; Bergeson, 1972; Mani and Sethi, 1987; Riedel, 1988; Francl and Whealer, 
1993; Evans and Haydock, 1993; Ghonem et ai, 1997; Maheshwari et al., 1997; 
Walker, 1997 and Castillo et al., 2003 Agbenin et al., 2004; Goswami et al., 2007). 
Nematode-fungus interaction has been classified in number of ways and the 
roles played by nematodes in such interaction have been examined thoroughly. Powell 
(1971a) classified the nematode-fungus interaction on the basis of symptomatology of 
the disease caused by fungi into following three types -
1. Nematode-fungus wilt disease interaction. 
2. Nematode-fungus root-rot disease interaction. 
3. Nematode-fungus seedling disease interaction. 
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Interaction between nematode and wilt-inducing fungi: 
The combination of nematode and fungus often results in a synergistic 
interaction wherein the crop loss is greater than expected from either pathogen alone 
or an additive effect of the two pathogens together. Fusarium is a Deuteromycetes 
fimgus, causes wilting of the infected plant and lead to death. Yield loss due to this 
fungus has been reported on various crops (Agrios, 1983). The plants eventually 
express wilting some weeks or months after fungal infection. Wilt, is one of the most 
serious soilbome diseases in India, and it is reported from almost all the major 
chickpea growing regions of the world (Nene et al., 1981,1989). 
Meloidogyne incognita and M. javanica are major nematode pests of chickpea 
and have been reported from the chickpea growing regions in Bangladesh, Brazil, 
Egypt, India, Malawi, Nepal and Pakistan (Nene et al., 1989; Sharma and McDonald, 
1990; Sharma et al, 1992). The presence of these nematodes in soils infested with 
Fusarium spp. enhances the incidence, rate of disease development, and severity of 
Fsuariuni wilt in grain legimies (Goel and Gupta, 1986; Ribeiro and Ferraz, 1984; 
Sharma era/., 1992; Castilloes/., 2003). The combined infection of chickpea 
plant by these two pathogens increases the severity of Fusarium wilt (Goel and gupta, 
1986; Nath and Dwivedi, 1980; Sharma and Cerauskas, 1985; Thakar et al., 1986; 
Uma Maheshwari et al, 1995; Upadhyay and Dwivedi, 1987; and Uma Maheshari et 
al., 1997). Interest in synergistic interactions between wilt-inducing fungi and 
nematodes have been stimulated because of severe yield losses which may result 
when both organisms are present together (Rowe et al, 1985; Francl et al, 1987; 
MacGuidwin and Rouse, 1990b). 
Mani and Sethi (1984) reported that inoculation of chickpea cv. Pusa 209 with 
M. incognita at 0.5, 1.0, 2.0, 4.0 or 8.0 larvae/g of soil resulted in a progressive 
decrease in plant growth as the inoculum level increased, 2 larvae/g being the 
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damaging threshold level. Rhizobial inoculation was adversely aifected at all 
inoculum levels. Mani and Sethi (1987) observed in pot experiments that when 10 
days old plants of chickpea (C arietinum) cv. JG62 were inoculated with M. 
incognita at 100 or 1000 larvae/500g soil and F. oxysporum f.sp. ciceri and F. solani 
(@ 1.0 and 2.0 g mycelial mat) either singly or in combinations all the three 
organisms affected rhizobial nodulation whether inoculated singly or in combination. 
The combination of M incognita with these fungi not only increased the severity of 
disease but also shortened the incubation period for disease expression. Furthermore, 
inoculation of the nematode preceded the date of the fungi by one week, plant drying 
due to infection by F. solani appeared early. The root-rot index was also high when 
inoculation of the nematode preceded that of F. solani. Nematode multiplication was 
adversely affected by F. solani irrespective of the time and level of inoculum. 
Upadhyay et al. (1987) reported that wilt symptoms were greatest in plants 
inoculated simultaneously with both M. javancia and F. oxysporum f sp. ciceri 
followed in severity by inoculations of the nematode preceding the fungus and the 
fungus preceding the nematode. The maximum number of root-knot galls (88.9) was 
recorded on roots inoculated with the nematode alone and the minimum number (20) 
on roots where inoculations of the fungus preceded that of the nematode. The 
maximum reduction in shoot weight occurred when inoculation of the nematode-
preceded that of fungus. The greatest reductions in nodules/plant were observed with 
inoculations of the nematode alone. 
Kumar et al. (1988) reported that inoculation of either M. incognita (at 1000 
Ja/plant) or F. oxysporum f.sp. ciceri (at I g mycelial suspension/plant) to 15 day old 
seedlings of chickpea (Cicer arietinum) cv. JG62, reduced plant growth in pot 
experiments. Highest reduction in plant growth was obtained with simultaneous 
inoculation of both the pathogens followed by the treatment in which the nematode 
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inoculation preceded the fungus by 10 days and then by the one vice versa. There was 
lower multiplication of nematodes and galling in the presence of the fiingus. 
Hasan (1989) reported that inoculation of F. udum with Heterodera cajani 
significantly increased wilt severity in pigeonpea seedlings as compared to 
inoculation with fungus alone in pot experiments. The fungus and the nematode 
interacted synergistically in reducing the final total population oiH. cajani. Sharma et 
al. (1990) reported that Meloidogyne spp., R. reniformis and F. udum significantly 
reduced the plant growth. The fungus in combination with Meloidogyne spp. caused 
more reductions in plant growth than when inoculated alone. The fungus significantly 
reduced the nematode population in the roots. Interaction of M. javanica and F. 
oxysporum was studied by Khan et al. (1991) on chickpea cvs. Pusa 209, 212, 240 
and 261. Plants of Pusa 209, 240 and 261 wilted when inoculated with the fungus 
alone. Greater wilt symptoms appeared and greater wilting occurred in the 
concomitant inoculations of M javanica and F. oxysporum than in sequential ones. 
Tiyagi et al. (1992) reported that M. incognita and F. oxysporum f.sp. ciceri 
caused significant damage to chickpea plants when inoculated individually or 
concomitantly. These treatments reduced the plant growth, percent pollen fertility, 
number of pods, root nodule index and total chlorophyll contents. The damage was 
more in concomitant inoculations than in individual inoculations. Uma et al. (1992) 
observed the synergistic effect of Fusarium wilt on chickpea when the F. oxysporum 
and M. javanica present together in greenhouse conditions. 
Dwivedi et al. (1992) reported that the root-knot nematode, M incognita 
reduced plant growth and bacterial nodules in the presence of F. oxysporum on 
pigeonpea. The maximum growth reduction was observed when both organisms were 
present at higher inoculum level. The bacterial nodulation was adversely affected in 
the presence of both the organisms. The nematode development and multiplication 
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was also affected by the presence of fungus and maximum gall index was found at 
higher nematode inoclum level. 
France et al. (1994) reported that the presence of M. incognita increased 
severity of Fusarium wih symptoms and stunting in bean plant. Root galling and 
reproduction of M. incognita was generally increased as inoculum density of M. 
incognita increased. It was concluded that severe infection of bean roots by M 
incognita increased the severity of Fusarium wilt on Fop-susceptible genotypes and 
may modify the resistant reaction to Fop. 
Rao and Krishnappa (1996) reported the interaction of M incognita and F. 
oxysporum on chickpea. Concomitant and sequential inoculations of M incognita and 
F. oxysporum caused grater reduction in growth parameters of chickpea. Wilt 
incidence increased in all combined inoculations of the pathogens. 
Mahapatra et al. (1999) recorded the significant growth reduction of 
blackgram at initial inoculum level of M. incognita (1000 hf^g soil) which was 
damaging threshold level. The rate of nematode reproduction was maximum at the 
lowest inoculum density and vice versa. Similarly, the damaging threshold level of F. 
oxysporum was recorded at the initial inoculum level of 4 g mycelial mat/kg soil. 
Patel et al. (2000) reported that concomitant inoculation of M. incognita and 
F. oxysporum caused greater reduction in growth of chickpea as compared to 
sequential inoculations. Root galling and nematode multiplication on chickpea were 
maximum when nematodes were inoculated alone, but it was reduced in the presence 
of fungus. Severity of disease increased when root-knot nematode was present with 
fungus. Maximum wilting of plant was observed when the fungus and nematodes 
were inoculated simultaneously. Similar, results were reported by Bhagwati and 
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Goswami (2000) on tomato plant when inoculated with M incognita and F. 
oxysporum f.sp. lycopersici. 
Singh and Goswami (2001) reported the interaction between M. incognita and 
F. oxysporum on susceptible and resistant cultivars of cowpea. M. incognita enhanced 
wilting of cowpea Pusa Komal when inoculated in combination with F. oxysporum. 
Nematode inoculation preceded by fungal inoculation showed maximum (synergistic) 
effect followed by the simultaneous inoculation of both the pathogens. 
Interaction of nematodes with root-rot fungi: 
These interactions are more common on tropical crops. Reynold and Hansen 
(1957) recorded greater severity of post-emergence damping-off in cotton caused by 
Rhizoctonia solani in the presence of Meloidogyne incognita acrita Chitwood, 1949. 
Golden and Vangundy (1972) reported the interaction of M incognita with R. solani 
and Thielaviopsis basicola Zopp on tomato. Varshney studied the effect of M 
incognita and R. solani on cowpea, and reported that the two pathogens acted 
synergistically in causing plant damage. 
Azam (1975) reported that Colletotrichum atramentarium (Break and Br.) 
Taub; a weak pathogen, greatly damaged eggplant roots and reduced plant growth 
when inoculated simultaneously with root-knot nematode. Azam et al. (1977) 
reported that extracts of root-knot nematode infected roots when incorporated into 
agar medium resulted into significant mcrease in radial growth of R. solani, Pythium 
spp. and Colletrotrichum atramentarium in comparison to extracts of healthy roots. 
The radical growth of all the three fungi was highest in a medium having extracts 
obtained from roots inoculated with 5000 larvae. 
Van Gundy et al. (1977) observed that root exudates and other nutrient 
metabolites secreted from galled tissues of tomato which were infected by M. 
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incognita, caused severe root-rot in association, but when used alone no root-rot 
occurred. 
Chabra et al. (1978) reported the combined inoculation of i?. solani and M. 
incognita on okra plants grown in sandy loam and sandy clay loam soil, caused heavy 
reduction in plant growth than either of the pathogens alone. Chabra and Sharma 
(1981) studied the effect of M incognita and R. bataticola on germination of eggplant 
and okra seeds and reported greater reduction in seed germination when both 
pathogens (M incognita and R. bataticola) were present together than in case of 
either alone. 
Chahal and Chhabra (1984) reported that inoculation of M incognita three 
weeks prior to R. solani significantly reduced the plant growth of tomato in 
comparison to its reverse condition. Al-Hazmi (1985) observed increased severity of 
root-rot in two French bean cultivars when M. incogntia was introduced prior to 
Macrophomina phaseolina (Maub 1) Ashby, but nematode reproduction was 
adversely affected when fungus was introduced first. 
Goel et al. (1986) reported that plant growth of chickpea reduced when M. 
j'avanica and /?. bataticola were inoculated individually, but greater reduction in plant 
growth and root galling was recorded in combined inoculations of both the pathogens. 
Highest reduction in plant growth was in concomitant inoculations of both the 
pathogens. 
Kanwar et al. (1987) found a considerable reduction in the growth parameters 
of cowpea in the combined inoculation of M. j'avanica and R. solani as compared to 
uninoculated control. Fewer galls were observed in the simultaneous inoculation of 
both the padiogens than on those infected with nematode alone. Varshney et al. 
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(1987) reported that prior inoculation of M incogntia with R. solani caused reduction 
in plant weight and greater damage to cowpea. 
Khan and Hussain (1988a) reported that individually R. solani was the most 
aggressive pathogen of cowpea followed by M incognita, but the association of R. 
solani caused greater reduction in plant growth of bacterized plants when inociilated 
simultaneously with nematode and fungus. On the other hand there was significantly 
less reduction when fungus preceded nematode inoculation. R. solani reduced the rate 
of nematode multiplication in all combinations as compared to nematode alone. Khan 
and Hussain (1989a) reported that a higher decrease in plant dry weight occurred 
when the lower inoculum levels of M. incognita were used with higher inoculum 
levels of R. solani. However, R. solani irrespective of inoculum level inhibited the 
multiplication of nematode (Khan and Hussain, 1990a) and restricted its penetration 
in roots (Khan et al., 1992). 
Pandey and Singh (1990) reported that R. bataticola and M. incognita 
inoculated on chickpea {Cicer arietinum) either singly or concomitantly showed 
significant reduction of plant growth in pots. Siddiqui et al. (1991) reported that the 
growth of chickpea and nodulation was adversely affected by the presence of both M. 
incogntia race-3 and Macrophomina phaseolina. Disease severity increases with 
increasing inocula and various combinations of M incognita and M. phaseolina had a 
synergistic effect on plant growth reduction. Increase in inoculum level of M. 
phaseolina progressively decreased nematode multiplication and root galling while 
root-rotting increased with the increase in the combined inocula of M phaseolina and 
M. incogntia. Similar result was reported by Khan et al. (1991) on papaya. 
Kumar et al. (1992) reported that chilli have also been found to suffer by the 
effects of disease complex involving M. incognita and R. solani, with great damage 
occurring when both the pathogens were inoculated simultaneously, Khan et al. 
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(1992) reported the effect of individual and concomitant inoculation of Rotylenchulus 
reniformis, M. incognita and R. solani on the nematode penetration in cowpea roots. 
The R. solani adversely affected penetration of both the nematode species. 
Anwer et al. (1994) foimd the antagonistic interaction between Rhizoctonia 
and M. incognita on soybean {Glycine max) cv. CIark-63 in green house trial. Greater 
inhibition in root penetration by M. incognita, development of females, galling and 
nodulation occurred with simultaneous inoculation ofR. solani and M. incognita than 
prior and later inoculation of nematodes. Shahzad and Ghafifar (1995) observed the 
effect of M. incognita on colonization of R. solani on mungbean roots in pot 
experiment. The colonization of mungbean roots {Vigna radita) by R. solani increased 
in presence of M. incognita. Root colonization by R. solani was related with the 
population of the fungus in the soil. 
Kasab and Ali (1996) reported the interrelationship between M. incognita, R. 
reniformis, R. solani and Rhizobium on cowpea. When R. solani and each pathogen 
were present together, additive effects were observed in reducing seed germination 
and seedling emergence. M. incognita alone, slightly promoted plant growth and 
nodule formation. R. solani was pathogenic and severely damaged plants and nodular 
growth when moculated in combination with M. incognita and it predisposed the 
plants to gall formation and nematode fecundity. 
Charu-jain et al. (1998) reported the effect of interaction between M. 
incognita, F. oxysporum and R. bataticola on chickpea. The combination of nematode 
and fungi caused more severe disease and yield loss. Reduction in plant growth, the 
severity of root-knot and wilt-incidence were greater in combined treatments as 
compared to the pathogen alone. Rekha and Saxena (1999) found the similar effect of 
certain rhizosphere fungi together with R. solani and M. incognita on germination of 
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tomato (Pusa Ruby) seeds. All the test fungi adversely affected the seed germination 
of tomato in combination with R. solani and M. incognita. 
Abdel-Momen et al. (1998) reported that root colonization by R. solani 
increased in the presence of M javanica on peanut. Pod yield was more suppressed by 
both pathogens than by either pathogen alone. Fazal et al. (1998) reported the 
interaction between M. javanica at 500 and 1000 J2 per pot and Rhizoctonia bataticola 
at 10 and 20 ml mycelium per pot were evaluated on blackgram (Vigna mungo) cv. 
Pant U-19. In single species inoculation, reduction in plant growth, nodulation and 
yield was significant at both the inoculum levels. In concomitant inoculations the 
reduction was greater than the additive effect of the pathogens acting independently, 
indicating a synergistic effect on plant growth, nodulation and yield. Maximum 
damage was observed when the nematode inoculation preceded fungal inoculation by 
10 days. R. bataticola at both inoculum levels adversely affected nematode 
reproduction and root galling. 
Begum and Sivakumar (2005) investigated root-rot disease complex induced 
by the pigeonpea cyst nematode, Heterodera cajani and the root-rot fungus, 
Macrophomina phaseolina. H. cajani a week prior to the inoculation of M phaseolina 
caused highest root-rot incidence and significant reduction in plant growth and yield. 
Nematode multiplication was adversely affected when fungus inoculation was 
preceded by nematode inoculation. Pathogenicity studies of nematode and fungus 
revealed highest root-rot incidence and lowest pod yield at higher inoculum levels of 
nematode and fungus. 
Interaction between nematode, fungi and root-nodule bacteria: 
Rhizobium Frank, induced root-nodules are a prime example of symbiosis 
between legume host and bacteria (Vance, 1983). For an effective nitrogen-fixation, 
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legume roots must become associated with Rhizobium bacteria. The plant (the 
macrosymbiont) provides an energy source and an ecological niche for the bacteria 
(the microsymbiont) and the bacteria provide a source of fixed nitrogen for the plant 
(Vance and Johnson, 1981). 
The association of rhizobia with plant nematodes in the rhizosphere, and the 
beneficial effect of rhizobial symbiosis on plant nutrition and growth, led to 
investigations into the potential role of nematode parasitism on nodulation, and 
consequently on symbiotic nitrogen fixation. 
Rhizosphere is a dynamic envirormient, where the relationship among 
different microorganism, plant and enviromnent are of chemical nature. The 
environment greatly influences not only the growth and longevity of nodule bacteria 
in the soil, but also the production and behaviour of the nodules and the development 
of host plant, and for all these reasons it also influences uptake of nitrogen from the 
soil and from the air (Van Schreven, 1958). One of the biological factors affecting 
nodule formation or dysfunction of existing nodule is the presence of nematodes in 
the rhizosphere. Dysfunction of symbiotic process in legumes also occurs with fungal 
and viral infections (Tu et a/., 1970, Orellana et al, 1976, 1978; Bowen, 1978; Kush, 
1982; Tiyagi, 1990; Siddiqui, 1990). 
The available literature on interactions of nematodes with rhizobia have been 
recently reviewed by Huang (1987) and Taha (1993). Plant parasitic nematodes and 
symbiotic organisms commonly occur together in the roots and rhizosphere of the 
same plant, each having a characteristic but often opposite effect on plant vigor. 
Several plant-parasitic nematodes with different modes of parasitism have been found 
to cause reduced nodulation on leguminous plants (Hussaini and Seshadri, 1975; Taha 
and Kassab, 1980). However, the influence of nematodes on the nitrogen fixing 
potential is not always adverse but in some cases nematode infestation has been even 
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reported to stimulate nodulation and nitrogen fixation (Hussey and Barker, 1976; 
Baldwin et ah, 1979; Huang, 1987; Verdejo et al, 1988). Other reports indicate that 
nematode infection had no significant effect on number and size of nodules (Taha and 
Raski, 1969; Hussey and Barker, 1976; Caroppo and Pelagatti, 1988). 
Taha and Kassab (1980) reported that inoculation of M. javanica with 
Rhizoctonia spp. did not affect nodulation on Vigna sinensis Endl., and nodules were 
also formed on galls caused by M. javanica. On the other hand, M. incognita reduced 
nodulation and inhibited the nitrogen fixation (about 63%) in the nodular tissues of 
cowpea. Infected nodules contained different developmental stages of nematodes and 
the nodules deteriorated much earlier than uninfected ones. The nematode inoculation 
prior to rhizobia resulted in maximum reductions in nodulation (Ali et al., 1981). 
Similar results were observed by Sharma (1984) on pea and suggested that reduced 
nodulation was due to the nutritional interference by the nematode infestation and 
overall reduction of root system. 
Increasing inoculum levels of root-knot nematode caused gradual reduction in 
the nodulation of different pulse crops but the significant reduction was observed with 
100 juveniles oi M. javanica per plant on mungbean (Gupta and Mehta, 1989); 500 
juveniles of M incognita on chickpea (Siddiqui, 1990) and blackgram (Fazal,1993) 
and 1000 juveniles of M incognita on greengram (Fazal etal, 1994), respectively. 
Not much literature is available on the interrelationship between fiingi and 
root-nodule bacteria. Twng-Wah and Howard (1969) investigated the role of nodule 
forming Rhizobium japonicum as potential antagonists to Fusarium oxysporum on 
soybean. Since growth of Rhizobium is sensitive to acidity, hydrogen-ion 
concentration (pH) was chosen as a major environmental variable. 
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Orellana et al. (1976) investigated that R. solani significantly reduced the 
nodule weight of cv. Lee and Kentwen of soybean inoculated with R. japonicum and 
grown in a N-free sand nutrient substrate as compared to plants grown with 
Rhizobium alone. 
Tu (1980) investigated that at a given concentration of Rhizobium the severity 
of root-rot increased with the increase in concentration of root-rot fungus. However, 
at a given fungal concentration, increasing concentrations of rhizobia decreased the 
degree of root-rot. Therefore, he concluded that rhizobia protected alfalfa from 
winterkill by reducing the severity of root-rot and increasing total nitrogen content in 
alfalfa. Rhizobial protection was accomplished by early inoculation. Sawada (1982, 
1983) observed root discolouration and poor rhizobial nodulation of Lucerne 
seedlings vdien the soil was naturally infected with rhizobia and Fusarium 
oxysporum. The severity of root-rot was less on nodulated seedlings than on non-
nodulated ones when inoculated with R. meliloti and F. oxysporum. In vitro hyphal 
growth of F. oxysporum was suppressed by multiplication of R. meliloti in a mixed 
culture. 
Zambolin and Schenk (1984) found that number and weight of nodules were 
reduced due to infection of Macrophomina, Rhizoctonia and Fusarium spp. in 
soybean but increased considerably in presence of Glomus mosseae (Nicol. & Gerd.) 
Gerd. & Trappe. Infection and disease intensity were, however, not significantly 
affected. There were no differences in growth response to G. mosseae and the 
pathogens in nodulated and non-nodulated plants. Khan (1986) observed a gradual 
decrease in the number and size of cowpea nodules with the increase in the incoulum 
level of R. solani. Similar results were also found with M phaseolina on the 
nodulation of chickpea by Siddiqui (1990) and mungbean by Tiyagi (1990). In field 
trials over two years, the yield of mungbean was increased when Rhizobium symbiont 
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was inoculated on the seeds or drenched at 30 days. However, in presence of M. 
phaseolina (inoculated by spraying with sclerotial suspension) the nodulation was 
reduced. Disease severity was higher on plants inoculated with fungus alone than in 
those with both pathogen and symbiont indicating an effect of the Rhizobium on host 
metabolism, leading to restraint of the pathogen (Bhattacharyya and Mukherjee, 
1990). 
Sharma and Tiyagi (1990) concluded that the inclusion of nematode in any of 
the treatments caused reduction in plant growth. However, the effect was less 
significant when Rhizobium was already established before the introduction of the 
nematode. The inclusion of nematode in any of the treatments caused reduction in 
number of nodules. Infection of mugnbean by Macrophomina phaseolina was 
reduced by the seed treatment with Rhizobium meliloti (Hussain et al., 1990) while in 
other study, R. meliloti and Bradyrhizobiumjaponicum Jordan inhibited the growth of 
M. phaseolina, R. solani and F. solani in vitro and when used as seed dressing or soil 
drench reduced the infection of these root infecting fungi on both leguminous 
(soybean and mugnbean) and non-leguminous (sunflower and okra) plants, thereby 
indicating the biocontrol potential of Rizobium species against root-rot diseases 
(Ehteshamul Haque and Ghaffar, 1993). 
Although, the nematode and fungus infection causes considerable reduction in 
the root nodulation when they occur individually but in their concomitance the 
reduction in nodulation has been found to be much more pronounced. Hussain et al. 
(1985) reported significantly higher reduction in the nodulation of pea when the three 
pathogens M. incognita, R. solani and pea mosaic virus were inoculated 
simultaneously than any one of them alone. Mani and Sethi (1987) achieved similar 
results on chickpea by inoculating M. incognita, F. oxysporum f.sp. ciceri and F. 
solani simultaneously. Varshney et al (1987) reported a considerable reduction in the 
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nodulation of cowpea, when the inoculation of M. incognita preceded to that of R. 
solani. 
Rudresh et al. (2005) reported the effect of combined inoculation of 
Rhizobium, Bacillus megaterium and a biocontrol fungus Trichoderma spp. on 
chickpea under glasshouse and field conditions. Combined inoculation of these three 
organisms showed increased germination, nutrient uptake, plant height, number of 
branches, nodulation, yield and total biomass of chickpea as compared to either 
individual inoculations or an iminoculaed control. Increased growth and yield 
parameters were more pronounced when T. harzianum was inoculated with 
Rhizobium and B. megaterium. 
Arfaoui et al. (2006) reported the pretreatment of root with the bacterial 
isolates (Rhizobium ) before challenging with F. oxysporum f sp. ciceri, significantly 
increased levels of soluble phenolic compoimds in both the susceptible and 
moderately resistant chickpea cultivars. Bacterization of roots with Rhizobium before 
challenge with Foe increased levels of isoflavones in plant roots. Crude phenolics 
significantly reduced fungal growth and caused considerable morphological changes 
in the mycelium, including marked cellular disorganization. 
Arfaoui et al. (2006) tested the antagonistic activity of 21 Rhizobium isolates 
under greenhouse and field conditions against F. oxysporum f sp. ciceri on chickpea 
cultivar (susceptible and moderately resistant). Among the 14 Rhizobium isolates 
tested for volatiles, cyanide production and phosphate solubilization, eight 
significantly inhibited fimgal growth by producing volatiles, six were positive for 
cyanide production and only three were able to solubilize phosphate. Rhizobium 
isolates reduced the percentage of wilted plants in both susceptible (12.5-54.6%) and 
moderately resistant (8.3-29.1%) cultivar in greenhouse. They concluded that rhizobia 
may improve plant growth and yield. 
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Six Rhizobium strains and three biofertilizers were used for seed treatment by 
Khalequzzaman et al. (2007). Rhizobium strains and biofertilzier resulted in 
maximum reduction of seed rot, foot and root-rot (Fusarium solani) of bushbean. 
There was increased germination, plant stand,plant growth, vigour index, number of 
green pods, weight of green pods and healthy looking seeds. 
Akhtar et al. (2008) reported that the inoculation of Rhizobium caused a 
greater increase in plant growth, number of pods, chlorophyll nitrogen, phosphorus 
and potassium contents of pathogen-inoculated plants. Combined inoculation of 
Glomus intraradices with Pseudomonas straita plus Rhizobium to pathogen 
inoculated plants caused greater increase in plant growth, nimiber of pods, 
chlorophyll, nitrogen, phosphorus and potassium contents than by inoculation of G. 
intraradices plus Rhizobium or G. intraradices plus P. straita. Inoculation of 
Rhizobium caused higher reduction in galling and nematode multiplication and 
increased higher nodulation per root system. 
Effect of biocontrol agent, Trichoderma spp. on fungi: 
Trichoderma spp. has evaluated as potential biocontrol agents to reduce the 
impact of the disease. It is a very versatile green mold, a nuisance for people, a useful 
fungus for biocontrol, and a bane to other fungi. Trichoderma spp. are strongly 
antagonistic to other fungi, colonizes roots, increase root mass and yield. Antagonism 
by Trichoderma species to various fungi has been well documented (Harman et al., 
1989, 2004; Kubicek and Harman, 1998; Elad, 2000; McBeath et al, 2001; Batta, 
2004; Harman,2004). Its antagonism has been attributed hyperparasitism as the most 
relevant mechanism, although some species and strains also produce bioactive 
metabolites that increase their antagonistic activity (Benitez et al, 1998; Antal et al, 
2000; Manczinger et al, 2002). Trichoderma produces a range of enzymes that are 
directed against cell walls of fungi. However, when fresh bark is used in composts. 
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Trichoderma spp. do not directly attack the plant pathogen, Rhizoctonia solani. But in 
decomposing bark, the concentration of readily available cellulose decreases and this 
activates the chitinase genes of Trichoderma spp. which in turn produce chitinase to 
parasitize R. solani (Benhamou and Chet, 1997). 
Trichoderma harzianum has multiple mechanisms of action, including 
mycoparasitism via production of chitinase, p 1-3 glucanases and P 1-4 glucanases 
(Lorito et al, 1996), antibiotics (Sivasithamparam et al., 1998), competition (Elad et 
al., 1999), solubilization of inorganic plant nutrients (Altomare et al, 1999), induced 
resistance (Bailey et al, 1998), plant growth promotion (Windham et al, 1989; Bailey 
et al, 1998: Harman, 2000; and Naseby,2000) and inactivation of the pathogen's 
enzymes involved in the infection process (Elad et al, 1999; Elad and Kapat, 1999). 
Trichoderma sp.are known to strongly induce host defences (Harman et a/,2004; Haas 
and Defago, 2005; ). Production of chitinases may have direct significance in the 
parasitism of Trichoderma on F. oxysporum as these enzymes function by breaking 
down the polysaccharides, chitin and p- glucan that are responsible for rigidity of 
fungal cell walls thereby destroying cell wall integrity(Howell, 2003). 
Trichoderma spp. have been shown to produce several engzmes like 
glucanases, (Witkowska and Maj, 2002), protease (Elad, 2000; Geremia et al, 1993), 
Chitinase (De La Cruz et al, 1992; Azin et al, 2007; Shaken et al, 2007), Xylanase 
(Felse and Panda, 1999), cellulase and hemicellulase (Harman et al, 2004) and a 
range of non-volatile and volatile antibiotics such as gUotoxin, viridin, (Larito et al, 
1976; Ghisalberti et al, 1991; Lida et al, 1993; Bello et al 1997) active against a 
range of fungi and also certain biologically active heat stable metabolites such as 
ethyl acetate (Claydown et al, 1987). Cell wall degrading enzymes protease and 
chitinase are induced in Trichoderma during the parasitic interaction (Cherif et al. 
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1990). Trichoderma spp. are known to strongly induce plant host defences (Harman, 
2004). 
The filamentous fungi, Trichoderma have attracted the attention because of 
their multiprong action against various plant pathogens (Harman et al., 2004). The 
species of Trichoderma have been evaluated against the wilt pathogen and have 
exhibited greater potential in managing chickpea wilt under glasshouse and field 
conditions, but its effectiveness is not similar in all areas (Kaur and Mukhopadhyay, 
1992). Some of the isolates of Trichoderma spp. Showed potential against several 
soil-borne and seed-borne pathogens (Dubey, 1998; Dubey, 2000; Kumar and Dubey, 
2001; Dubey, 2002,2003; Podder et al., 2004). 
Somasekhara et al. (1996) reported bioagents like Trichoderma viride, T. 
harzianum and 71 hamatum as effective in controlling pigeon pea wih caused by 
Fusarium oxysporum f. sp udum. 
Kolte et al. (1998) effectively controlled chickpea wilt with seed treatment by 
Rhizobium, T. viride, T. harzianum and Azotobacter sp. 
Prasad et al. (2002) observed two antagonistic fungi viz., Trichoderma 
harzianum (PDBCTH-10) and T. viride (PDBCTV) against wilt {Fusarium 
oxysporum f sp. ciceri) and wet root-rot (Rhizoctonia solani) of chickpea in field and 
reported that soil application of T harzianum and T. viride one week before sowing as 
more effective than seed treatment in reducing wilt and wet root-rot of chickpea. 
Prasad et al. (2002) tested the efficacy of the biological control agent 
Trichoderma harzianum on various levels of pigeon pea wilt pathogen {Fusarium 
udum) caused by Fusarium udum, Trichoderma harzianum was applied as seed 
treatment (10 and 20g/kg seed) and as a soil amendment (10 and 20g/gm^). Soil 
amendments with T. harzianum at 10 and 20 g gave 42% 61.50% disease control 
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resprctively. Seed treatments resulted in less than 30% disease control when 
compared to the check. In seeed treatment plots disease control ranged between 
4.36% and 13.70%. In eneral soil application of T. harzianum was found to be more 
effective than seed treatment for disease suppression. These results suggest the need 
to augment soil application of T. harzianum for obtaining effective control of 
pigeonpea wilt. 
Khan et al. (2004) studied the effect of Trichoderma harzianum and 
Psuedomonas fluorescens, singly and jointly to control wilt caused by Fusarium 
oxysporum f sp. ciceri on chickpea plants growing in microplots under field 
conditions. On untreated control plants, the wilt fungus caused the characteristic 
symptoms of wilt and significantly decreased dry weight and the yield of chickpea by 
20 and 18% respectively. Both biofungicides suppressed wilt severity. On chickpea 
inoculated with the wilt fungus, yield increased by 39% with P. fluorescens, by 33% 
with T. harzianum + P. fluorescens, by 44% with T. harizianum, and by 20% with 
carbendazim as compared with the inoculated control. The soil population of wilt 
fungus (cfii/g soil) in untreated plots increased during the first two months, but in the 
biofungicide treated plots it gradually and significantly decreased during the four 
months of the crop season. The greatest decrease in the soil population of the wilt 
fungus occurred with T. harzianum or T. harzianum + P. flourescens. The rhizosphere 
population of the bioagents increased significantly in those plots where wih 
populations decreased. The greatest increase in the population of the bioagents was 
recorded for T. harzianum (108-120%) followed by P. fluorescens (65-119%) in the 
combined treatment, compared with the pre-plant control. When T. harzianum applied 
alone, the population increased by 71-96% and that of P. fluorescens was by 46-
103%. 
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Jayraj et al. (2006) reported that a carbendazim resistant strain Ml, inhibitory 
to the growth of the damping-off pathogen Pythium aphanidermatum was used for 
the development of new carrier formulations. Seven different formulations (talc, 
lignite, flyash-based powder formulation, wettable powder, bentonite paste, 
polyethylene glycol paste and gelatin glycerin gel) were developed for seed treatment. 
Shelf life of the formulations was evaluated under storage at 2A°C up to nine months. 
The population of propagules was optimum in all the formulations up to three months 
of storage. Seed treatment with Trichoderma formulations reduced the incidence of 
damping-off disease of tomato up to 74% and also enhanced the plant biomas under 
greenhouse and field conditions. 
El-Katatny et al. (2006) investigated the possible biological control of 
damping-off fungi, Fusarium oxysporum and pythium ultimum by Pythium 
oligandrum or Trichoderma harzianum in vitro. Production of volatile compounds by 
P. oligandrum or T. harzianum against F. oxysporum and P. ultimum was examined 
using the inverted plate method. F. oxysporum was inhibited by the antagonist volatile 
compounds and it is inhibited 100% by increasing the amount of inoculum size. 
Production of potential biocontrol agents provided with economically features and 
working under field conditions are recommended. 
Rini et al. (2006) studied the effect of Trichoderma (T. harzianum TR 20 and 
T. pseudokoningii TR17) and fluorescent pseudomonads {Pseudomonas 
fluorescens P2S and P51) on chilli under greenhouse and field conditions. The 
combined effect of T. harzianum(TR20) + P. fluorescens( P28) was most effective in 
reducing the root-rot disease incidence (667) caused by Rhizoctonia solani and 
highest per plant yield was also recorded in the combined treatment of TR20 + P28. T 
harzianum and T. pseudokoningii significantly increased the yield per plant and was 
superior to both of pseudomonads when applied alone. T. harzianum is more effective 
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against R. solani causing seedling rot in chilli than fluorescent pseudomonads and T. 
pseudokoningii under in vitro conditions. 
Dubey et al. (2006) studied the effect of 10 isolates of Trichoderma species 
{T. viridae, T.harzianum and T. virens) against four isolates of Fusarium wilt for eco-
friendly and sustainable management on chickpea. The isolates of Trichoderma 
species were evaluated against the pathogen in dual culture and through production of 
volatile and non-volatile inhibitors. T. viride isolated from Ranchi followed by T. 
harzianum (Ranchi) and T. viride (Delhi) inhibited maximum mycelial grov l^h of the 
pathogen. They also enhanced seed germination, root and shoot length and decreased 
wilt incidence under green house condition. The efficacy of Trichoderma species was 
enhanced in combination with carboxin. The integration of T. harzianum (10^ 
spore/ml/lOg seed) and carboxin (2g/kg seed) for seed treatment was the best which 
enhanced seed germination by 12.0 - 14.0% and grain yields by 42.6 - 72.9% and 
reduce wilt incidence (44.1 - 60.3%) during experimentations. 
Santamarina and Rosello (2006) reported in vitro antagonism of an isolate of 
Trichoderma harzianum under a range of water (0.85 - 0.995 aw) and temperature 
(15-25°C) regimes when associated with two phytopathogenic fungi: Rhizoctonia 
solani and Verticillium dahliae.. Growth rate of all the tested increased as water 
availability in the medium increased and had the fastest growth rate at highest aw 
levels (0.995). T. harzianum grew faster at 15 and 25''C than R. solani and V. dahliae 
at aw levels of 0.98 and 0.995 when the fungi were grown together. T harzianum 
inhibited the development of R. solani and V. dahliae upon contact (ID/4) at both 
temperatures when a* was between 0.95 and 0.995. The results obtained show that the 
T. harzianum strain was antagonistic in vitro to R. solani and V. dahliae, and may be 
considered a potential biocontrol agent. 
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Nikam et al. (2007) reported that chemical seed treatment with Thiram 
(0.15%) + Carbendazim (0.1%) is proved to be the most effective against Fusarium 
oxysporum f. sp. ciceri. In vitro evaluation of Trichoderma sp. against F. oxysporum 
f sp. ciceri revealed the positive cumulative effect of T. viride + T. harzianum + T. 
hamatum in respect to the percent inhibition of the test fungus. Soil application of T. 
viride (@ 25 kg/ha) as the most effective in reducing the incidence of chickpea wilt in 
pot culture. Soil amendment with groundnut cake is proved to be effective against F. 
oxysporum f sp. ciceri followed by neem cake. Thus chickpea wilt being soil borne 
disease could be managed by the integration of various practices like using resistant 
varieties, seed treatment with chemicals, seed and soil application of bioagents and 
amendment of soils with oilseed cakes. 
Rojo (2007) studied under green house assay the optimum inoculum 
concentration of Trichoderma harzianum ITEM 3636 and T. longibrachiatum ITEM 
3635 were selected for field trials. Two seed treatments were evaluated: seeds coated 
with a conidiaJ suspension using carboxymethyl cellulose (CMC) as sticker and seeds 
coated with the antagonist fungal biomass on Biodac particles. T. harzianum in both 
seed treatments was more effective than, T. longibrachiatum in decreasing the mean 
disease severity mdex, increasmg the frequency of healthy plants and boosting yield. 
They confirmed Trichoderma species as potential biocontrol agents to reduce the 
impact oi Fusarium solani causing peanut brown root rot disease and the plant growth 
promoter in three experiments carried out in fields artificially and naturally infested 
with the pathogen. 
Shaken and Foster (2007) reported two strains of Trichoderma harzianum , 
101645, an insect pathogen and 206040, used for biological control of fungal plant 
pathogens, were investigated for the production of serine protease, chitinase and 
antibiotic activity in relation to entomopathogenicity. Both strains produced serine 
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protease with a Mr of 31 kDa and chitinase with aMr of 44kDa. Enzymes from both 
strains had similar characteristics and were produced during the growth phase. Both 
strains produced peptaibols active against fungi in late growth and stationary phases 
which differed in their amino-alcohoil content. The peptibols were insecticidal when 
fed to larvae of Tenebrio molitor or when applied to the cuticle together with the 
serine protease. The results suggest that the virulence factors involved in biocontrol 
are the same as those for insect pathogenicity. 
Effect of biocontrol agent, Trichoderma spp. on Namatodes: 
Fungi and plant-parasitic nematodes being common inhabitants of crop 
rhizosphere show synergistic relation (Inagaki and Powell, 1969; Jorgenson, 1970), 
since they occur together in the rhizosphere, the toxic metabolites naturally produced 
by microorganisms may be responsible for keeping low level of nemadotde 
populations. 
Besides control of root-infecting fiingi, Trichoderma harzianum has also been 
found to antagonize plant-parasitic nematodes (Saifullah, 1996a; Dos Santos et al, 
1992). It shows good potential for the control of Globodera rostochiensis, G. pallida 
andMeloidogynejavanica(SaiMlah, 1996b; Saifullah and Thomas, 1996). 
Windhan et al. (1989) reported reduced egg production in the root-knot 
nematode, M. arenaria following soil treatments with T. harzianum(J-\2) and T. 
koningii (T-8) preparations on maize. 
Spiegel and Chet (1998) and Sheron et al. (2001) when they investigated the 
biocontrol activity of different Trichoderma isolates against M. javanica found 
significant reduction in nematode damage on tomato or egg plant following pre-
planting soil application of Trichoderma spp. 
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Siddiqui et al. (2001) tested the efficacy of Trichoderma viride, T. harzianum, 
T. hamatum, T. koningii and T. pseudokoningii for the control of root- knot nematode 
Meloidogyne javanica in okra and mungbean. Culture filtrates of Trichoderma spp., 
significantly reduced egg hatching and showed nematicidal activity of killing second 
stage juveniles of M. javanica. Soil application with conidial suspension of T. 
harzianum significantly reduced nematode population densities and root- knot 
development in okra and mungbean. Apart from suppressing root-knot nematode, T. 
harzianum also evaluated plant height and fresh shoot weight of both okra and 
mungbean. 
Management by Organic amendments: 
Organic amendment of soil has been used since the beginning of the 
agriculture. It benefits physical and chemical soil properties, increase soil fertility and 
aids in pest control (Garcia Alvarez et al, 2004). 
Plant residues and their decomposition products are important components of 
soil Crop residues, green manure crops and other organic materials are added to arable 
soil by the farmers just as in nature. Amongst organic amendments tested so far 
highly consistent and satisfactory control has been achieved by amending the soil with 
oil cakes. Plant residue or organic amendments such as oil cakes have been reported 
to check the population of either of the organisms through a variety of mechanisms 
(Patrick and Toussoun, 1965; Sayre et al, 1964; Cook, 1977; Sitaramaiah, 1990). 
Schippers and Palm (1973) identified ammonia and its fungistatic role in chitin 
amended soil. Khan, et al, (1974) too noticed the release of ammonia and its 
nematicidal potency during the process of oil cake decomposition. Soil amendments 
by various organic materials enhanced activity of antagonistic fungi which hampers 
the infection process of pathogenic fiingi, nematodes etc. The literature on this aspect 
has been reviewed (Cook, 1977; Jatala, 1985; Sitaramaiah, 1990), Khan et al(l973, 
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1974) showed that incorporation of oil cakes, viz. margosa, castor, groundnut in 
natural field soil resulted in population decline of parasitic fungi and nematodes in the 
rhizosphere of tomato and eggplant. 
Nitrogen constitutes about 5-6% of soil organic matter by weight. Neem cake, 
castor pomace, karanj cake and mahua cake contain 5.2%, 5.5%, 3.9% and 2.5% 
nitrogen respectively. Neem cake contains more nitrogen, phosphorus, potassium, 
calcium and magnesium than farmyard manure or sewage sludge. 
Lear (1959) reported that amending the soil with castor pomace reduced the 
populations of root-knot nematode, M. javanica and Heterodera schachtii and also the 
incidence of disease. A considerable work has been done (in India) on the control of 
plant-parasitic nematodes by the application of oil-seed cakes (Singh, 1965; Khan et 
al, 1966, 1974 a, b; Singh and Sitaramaiah, 1966; 1971 a, b; Mathur and Prasad, 
1973, Desai et al, 1979; Bhattacharya and Goswami, 1988; Darekar et al, 1990a; 
Mishra and Gupta, 1992). 
Trivedi et al, (1978), Desai et al, (1979), Alam et al, (1980), Goswami and 
Vijayalakshami (1983); Jagdole et al, 1985, a, b and Vijayalakshmi and Goswami 
(1986) recorded reduction in the phytoparasitic nematodes on chilli, tobacco, egg 
plant, tomato, betel vine and green gram by amendments with differed oil cakes. 
Hossain et al, (1992) observed increased effectiveness of mustard and cotton 
oil cakes to control root-knot nematode with the increase in the decomposition period. 
At highest rate maximum reduction in root galling was achieved but at this rate plants 
suffered from phytotoxicity, however, when the oil cakes were allowed to decompose 
for 30 days before planting no phytotoxicity appeared. 
Adverse effect of organic amendments on the population of pathogenic fungi 
has also been obtained by several workes (Khan et al, 1973, 1974 b, ; Sinha and 
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Prasad, 1986, Goswami and Meshram, 1991). Oil cakes have been found effective in 
suppressing the population of pathogenic fiingi like Rhizoctonia solani, 
Colletotrichum spp. and Fusarium spp. in the rhizoplane of egg plant, okra and 
tomato (Khan et ai, 1973; 1974) and F. udum on pigeonpea (Singh and Singh, 1981, 
1982). 
Significant increase in shoot growth was noticed in soils amended with 
organic amendments such as sunflower cake, mustard cake, formyard manure and 
coconut cake (Kannaiyan and Prasad, 1981). Population of F. oxysporum f. sp. ciceri 
and Sclerotium sp. on gram were reduced in presence of different oilcake amendments 
(Sinha and Prasad, 1986). 
Azam (1975) tested the efficacy of oil seed cakes (neem, mustard, castor, 
groundnut and Mahua) in nematode fimgal disease complexes involving M. incognita, 
R. solani, Pythium spp. and CoUetrotrichum atramentarium on egg plant and noted a 
significant improvement in the plant growth at lower doses as compared to higher 
doses. Optimal reduction in root knot index and larval population was found in pots 
treated with 50 g cakes, however, this dose was phytotoxic. 
Singh et al. (1980) reported that the effect of aqueous extracts and oil of neem 
{Azadirachta indica) on soil-borne pathogen, F. oxysporum f sp. ciceri, R. solani, 
Sclerotium rolfsii, and Sclerotinia sclerotiorum, which incite wilt and rot in gram 
{Cicer arietinum). Growth of four pathogens in liquid medium was inhibited by 
extracts of leaf, trunk bark, fruit pulp and oil. The neem oil showed maximum 
inhibitory effect. Cowpea seeds treated with neem cake significantly improved the 
plant growth and reduced the nematode multiplication of both {R. reniformis and M. 
incognita) species when inoculated either individually or concomitantly (Khan and 
Husain, 1988b). 
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Oil cakes amendments of neem, mustard and karanj caused significant 
reduction in the severity of complex disease caused by M. incognita, F. oxysporum on 
chickpea and M. incognita, M. phaseolina complex on mungbean. Disease complex 
on French bean (Phaseolus vulgaris L.) caused by M. incognita and M. phaseolina 
was managed by the application of neem and mustard cakes with a most profoimd 
effect of mustard (Srivastava and Singh, 1990). Amongst the oil cakes, neem cake 
proved to be most effective in reducing the disease and in improving the plant growth 
(Tiyagi, 1990). Pandey et al. (1991) reported that neem cake followed by the saw dust 
gave the better control of M. incognita on mung bean and soil amended with neem 
cake had recorded a significant increase in Rhizobium, Azotobactor beijerinck and 
plant growth. 
Alam (1989) reported that organic soil amendments i.e., horn meal, bone meal, 
and oil seed cakes of mahua, castor, mustard, neem and peanut were effective in 
inhibiting the root-knot development and improving the plant growth. 
Goswaman and Meshram (1991) reported that Karanj and mustard cake 
significantly reduced penetration of juveniles (50%) of M incognita in tomato roots 
as compared to non-amended soil. Both cakes suppressed nematode infestation, root-
knot index and nimiber of galls per plant. 
Borah et al. (1992) reported that poultry manure, mustard cake and neem cake 
each at 1 and 2 tonnes/ha proved to be effective in reducing galls and egg masses in 
roots and increasing yield of green gram under field condition. The best result was 
obtained with neem cake followed by poultry manure at 2 tonnes/ha in respect of 
yield. Efficacy of oil-seed cakes of neem, castor, mustard and duan was evaluated by 
Tiyagi et al. (1993) against plant-parasitic nematodes and fungi infesting chickpea 
and also the subsequent crop, mungbean. Significant reduction was observed in the 
population of plant parasitic nematodes such as Meloidogyne incognita, R. reniformis, 
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and Tylenchorhynchus brassicae and in the frequency of pathogenic fungi such as F. 
oxysporum f. sp. ciceri, Macrophomina phaseolina and R. solani. Frequency of 
saprophytic fungi was, however, increased. Manifold improvement in growth 
parameters was observed. The beneficial effects of different cakes persisted in the 
subsequent crop (mimg bean) i.e. after a lapse of six months. 
Vyas (1993) reported that saprophytic soil biota, especially soil fungi which 
parasitized the pathogenic nematodes significantly increased by the application of 
neem cake and neem oil. The application significantly controlled soil - borne plant 
fungal pathogens such as Sclerotium rolfsii and Rhizoctonia bataticola which cause 
collar and root-rots respectively. The treatment increased yield significantly over 
control. 
Vaishnav et al. (1993) used neem, castor, mustard and groundnut oil cakes for 
the management of groundnut in field experiment. Nematode population and root-
knot index significantly reduced in all treatments as compared to check. Similarly, 
pod yield also significantly increased, except with groundnut cake treatment at It/ha. 
The minimum final population of nematode and root-knot index, and maximum pod 
yield were observed under neem cake treatment applied at 2t/ha. Neem cake is 
recommended for the control of root-knot nematode in groundnut. 
Gupta et al. (1993) tested the efficacy of neem cake against Pratylenchus 
thornei on chickpea; Heterodera cajani on pigeon pea, black gram, green gram and 
cowpea; and Meloidogyne incognita on soybean. The nematode population in host 
roots and soil was significantly reduced in neem cake application with a 
corresponding increase in crop growth and yield. Number of rhizobium nodules were 
significantly greater with neem cake application. All neem cake extracts significantly 
reduced larval emergence from egg sacs of H. cajani and increased nematode 
mortality of P. thornei. They concluded that neem cake can successfully be used in 
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control of these nematode species. Patel et al. (1993) recorded significant increase in 
grain yield by 30.30% and 22.3% reduction in root-knot disease over control in neem 
cake amended soil. Next best was castor cake with 24.7% higher grain yield and 
21.8% reduction in root-knot disease when castor cake was applied at 1.0 t/ha. 
Devi and Gupta (1995) observed the mhibition of larval emergence from the 
egg-sacs of H. cajani when they were dipped in various extracts of neem, mahua, 
mustard, linseed cakes and sawdust for 24 and 48 hrs. These organic amendment were 
also found to decrease the cyst population and increase the plant growth characters. 
Among various amendments neem and saw dust were better in relation to above 
characteristics. 
Thakur and Darekar (1995) reported that neem cake @ 35 g/plant and Karanj 
cake @ 44 g/plant were most effective in controlling M. incognita both imder pot 
culture and field conditions. These oilseed cakes had recorded reduced root galling, 
egg/egg masses, root-knot index and increased growth parameters and yield of brinjal. 
Tiyagi and Alam (1995) reported that oilseed cakes of neem {Azadirachta 
indica), castor (Ricinus communis), mustard {Brassica campestris) and duan (Eruca 
sativa) significantly reduced the population of plant-parasitic nematodes, M. 
incognita, R. reniformis, T. brassicae, Helicotylenchus indicus, etc. and the frequency 
of the pathogenic fungi Macrophomina phaseolin, Rhizoctonia solani, Phyllosticta 
phaseolina, Fusarium oxysporum f sp. ciceri etc. and on the other hand the frequency 
of saprophytic fimgi was increased. A several-fold improvement was observed in 
plant growth parameters, and the residual effects of oilseed cakes were also noted in 
the subsequent crop, chickpea, in the next growing season. 
Ramakrishanan et al. (1997) studied under glass house conditions indicated 
that among the various botanical Melia azedarach (80 g/pot) recorded maximum plant 
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growth and pod yield. The highest reduction in root-knot index and nematode 
population was also recorded in this treatment followed by Azadirachta indicalesves 
(80 g/pot). A. indica (80 g/pot) recorded maximum dry shoot weight. Various 
products prepared from neem {Azadirachta indica) such as leaf powder, sawdust and 
oilseed cake, and urea were tested by Akhtar (1998) against plant-parasitic nematodes 
in the field. All the neem products and urea markedly suppressed plant-parasitic 
nematodes. All treatments resulted in increased fresh and dry weights and the height 
and nimiber of pods on chickpea plants. Various products (oils, cakes, extracts, etc) 
prepared from the leaves and seeds of the neem plant {Azadirachta indica A. Juss) 
have been reported (Akhtar, 2000) as effective protectants against nematode pests 
when used as root-dips and seed treatments. Nemato-toxic compoxmds of neem plant, 
especially the azadirachtins, are released through exudation and decomposition. 
Anver et al (1999) reported that Meloidogyne incognita caused greater 
reduction in plant growth, chlorophyll content, water absorption capacity of roots and 
root nodulation of chickpea and pigeonpea and bulk density of pigeon pea stem, than 
Rotylenchulus reniformis. These nematodes inhibited each other in concomitant 
infections. However, both the nematodes together caused more damage to the test 
plants than was caused by either of them singly, but it was less than the sum total of 
the damage caused by them individually. Oil seed cakes of neem/margosa 
{Azadirachta indica), castor {Ricinus communis), mustard (Brassica campestris), 
rocket said (Eruca sativa) were found to be highly effective in reducing the 
multiplication of nematodes. Consequently plant growth, the water absorption 
capacity of the roots, root nodulation and bulk density of woody stem of pigeon pea 
increased significantly. The test nematodes were found to be less damaging in the 
presence of Paecilomyces lilacinus. The multiplication rate of nematodes was less in 
the presence of Paecilomyces lilacinus as compared to the absence of Paecilomyces 
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lilacinus was added along with oil cakes. The most effective combination of 
Paecilomyces lilacinus was with neem cake. 
Vijayalakshmi and Rajagopal (1999) reported that the seed treatments with 
neem based laboratory formulations of neem seed kernel, neem seed coat (seed shell) 
and neem seed cake at 20% w/w reduced root-knot and reniform (Meloidogyne 
incognita and Rotylenchulus reniformis) nematode multiplication in two important 
pulse crops, mung bean and chickpea in green house trials. All these treatments 
reduced major phytonematode species in the field viz. Meloidogyne incognita, 
Rotylenchulus reniformis, Tylenchorhynchus mashhoodi, Helicotylenchus indicus and 
Hoplolaimus indicus in both the crops in trails in 4 sq.m. microplots. In either case 
neem seed kernel was the most effective followed by neem seed cake and neem seed 
coat (seed shell). There were 78, 67 and 52% reduction in total plant parasitic 
nematode populations in the mung bean crop and the increase in the grain yield was 
74, 58 and 28% neem seed kernel, neem seed cake and neem seed coat (seed shell) 
respectively. In the case of chickpea crop, the percentage reduction in the total plant 
parasitic nematode was 87, 70 and 25 and the increase in the grain yield was 122, 78, 
and 48 respectively in neem seed kernel, neem seed cake and neem seed coat (seed 
shell). 
Akhtar and Malik(2000) reported that organic soil amendments stimulate the 
activities of microorganisms that are antagonistic to plant- parasitic nematodes. The 
decomposition of organic matter results in accumulation in the soil of specific 
compounds that may be nematicidal. Amendments are mainly bio-products wastes 
fi-om industrial, agricultural, biological and other activities. Control of plant-parasitic 
nematodes can be by improvement of soil structure and fertility, alteration of the level 
of plant resistance, release of nemato-toxic compounds, parasites (fimgi and bacteria) 
and other nematode antagonistic (biological control agents). The mode of action 
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oforgnic amendments leading to plant disease control and stimulation of 
microorganisms is complex and dependent on the nature of the amendments. 
Singh and Goswami (2001) studied the effect of neem cake and /or carbofliran 
for the management of disease complex caused by Meloidogyne incognita and 
Fusarium oxysporum on cowpea cv. Pusa Komal (PK). They showed the application 
of both neem cake and carbofuran, in general significantly increased plant growth and 
reduced nematode multiplication. The combination of neem cake and carbofiiran, in 
reduced doses, revealed the best response in reducing the nematode multiplication 
with an increase in plant vigour. These results suggest the potential use of neem cake 
with carbofuran for sustainable management of disease-complex on cowpea. 
Muhammad et al (2001) reported that organic amendments of soil with neem 
cake, mustard cake, and farmyard manure and poultry manure at 25g/1000g of soil 
significantly reduced the incidence oi Meloidogyne javanica infesting mung bean cv. 
MNH-92 and increased plant height and fi«sh weight of shoot as compared to control. 
These treatments significantly reduced the number of galls and number of egg masses 
per plant. The most effective treatment was neem cake followed by mustard cake. 
Vijayalakshmi and Mishra (2001) studied the seed coating of pigeon pea (cv. 
Pusa 85) with powdered neem products viz., seed kernel, seed coat, cake and Achook 
(R) at 20% w/w and liquid products viz. Neemark (R) and Nimbecidine (R) at 5% v/w 
significantly reduced pigeon pea cyst nematode {Heterodera cajani) infestation in a 
pot experiment. In a macro plot field trail (4 sq.m plots) also, the same treatments 
reduced the soil populations of Heterodera cajani and other plant parasitic nematodes 
present in the field viz., Meloidogyne incognita, Rotylenchulus reniformis, 
Tylenchorhynchus mashhoodi, Helicotylenchus indicus and Hoplolaimus indicus 
without disturbing the saprophytic nematodes and increased grain yield. In both trails, 
neem seed kernel was the most effective while neem cake was either at par was the 
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next in efficacy. The reduction in phytoparasitic nematodes was 60, 52, 37, 48,35, 31 
per cent in seed kernel, cake, seed coat, Achook (R), Neemark (R) and Nimbecine 
(R), respectively and the corresponding increase in the grain yield was 53, 46, 21, 28, 
12, and 6 per cent in the field trail. 
Viajylakshmi and Jeyaraj (2002) studied the effects of the duration of 
degradation of 5 neem products (neem seed, seed kernel, seed coat, cake and oil) on 
second stage juveniles of Meloidogyne incongita infesting tomato cv. Pusa Ruby. In 
experiment I, the neem products (0.5 and 7.0% v/w of soil for neem seed kernel, seed 
coat, and cake and 0.1 and 0.2% v/w of neem oil were allowed to degrade in pot soils 
within 0-6 weeks such that the end of the treatment coincided with the day before 
Meloiodogyne incognita inoculation at 2 juveniles/g (inoculation conducted before 
transplanting of one month old seedlings). In experiment 2, neem products at similar 
rates were mixed with steam sterilized soil and kept in pots for 4 weeks and watered 
judiciously. After the treatment one-month old seedlings were transplanted and 
second stage juveniles of Meloidogyne incognita (21g/of soil) were inoculated. In 
general, 3-4 weeks of degradation had the most significant effect on juvenile 
penetration in roots, with longer periods being not so effective. Among the treatments 
neem cake and neem seed kernel were most effective against Meloidogyne incognita. 
The variation in rates was not significant. 
Patel et al. (2003) reported that application of neem, castor, mahua, mustard, 
piludi and karanj cakes, farm yard and poultry manures, dry and fresh Azolla 
pressumed and urea significantly increased the plant growth and host infestation by 
Rotylenchulus reniformis over control. Among them, pressmud followed by fresh 
Azolla and farm yard manure were proved to be the best. Application of Piludi cake 
and urea were least effective. 
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Agbenin et al. (2004) reported that neem seed powder (2g/kg) soil) 
significantly reduced the disease severity of Fusarium oxysporum and root-knot 
nematode in both greenhouse and field on tomato. Resuhs suggested the possible use 
of neem seed powder for control of the root-knot nematodes - Fusarium wilt disease 
complex. 
Buena et al. (2007) evaluated the biofumigant effect of pepper crop residues 
(PCR) for controlling Meloidogyne incognita populations. Under laboratory 
conditions, 0, 5, 10 and 20 g PCR were applied to 500 g nematode infested soil, with 
four replicates per treatment. After 20 days at 25°C, PCR reduced significantly M 
incognita populations and root galling indices in susceptible tomato cv. Marmande, 
and increased K, N and organic C in soil. Root galling indices were lower, and yields 
higher, on grafting plants and biofiimigation with PCR. Biofiimigation with PCR is an 
efficient non-chemical alternative to control M. /«cog«/to populations, especially 
when q>plied with nitrogen-rich organic matter. 
Javed et al. (2007) tested two types of neem formulations, crude and refined. 
The crude form was neem leaves and neem cakes (a by product left after the 
extraction of oil from neem seed) and one of the neem-refined products was "aza". 
The protective and curative soil application of these formulations significantly 
reduced the number of egg masses and eggs per egg mass on tomato roots. Protective 
application of neem crude formulations (leaves and cake) did not reduce the invasion 
of juveniles whereas aza at 0.1% w/w/ did. Curative application of neem formulations 
significantly reduced the number of egg masses and eggs per egg mass as compared 
with the control. 
Javed et al. (2008) reported that second stage juveniles of Meloidogyne 
javanica were exposed to aqueous extracts of neem crude formulations (leaves and 
cakes) at 10%, 5% and 2.5%, w/v and a refined product, Aza at 0.1% w/v. The 10% 
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extracts of neem leaf and cake caused 83% and 85% immobility and 35% and 28% 
mortality respectively. Aza caused neither immobility nor mortality of juveniles. 
When egg masses were placed in extracts of these formulations, hatching did not 
occur at all the concentrations (10%, 5%, 2.5% and 1.25% w/v) of the crude 
formulations. When the treated egg masses were returned to water, the eggs resumed 
hatching. Aza did not affect the nematode hatching. In glasshouse experiments, soil 
application of neem formulations significantly reduced the invasion of tomato roots 
by root-knot nematodes but once the nematodes managed to invade them, no effect 
detected on their development. Soil application of Aza at 0.05% and 0.1% w/v 
significantly reduced the invasion and delayed development of nematodes within 
tomato roots whereas 0.025% did not. There were significantly fewer egg masses on 
tomato roots exposed to single egg mass in neem amended soil as compared to 
control. 
Effect of oil seed cakes and Trichoderma hanianum on nematode and fungi: 
Parvatha et al. (1996) reported that Trichoderma harzianum in combination 
with neem, karanj and castor oil cakes was effective in increasing the growth of acid 
lime seedlings and reducing the population of Tylenchulus semipenetrans both in soil 
and roots. 
Pandey (2005) conducted an experiment in field to determine the efficacy of 
Trichoderma harzianum isolate U, Glomus aggregatum, and oilseed cakes 
(lOOOkg/ha) of neem (Azadirachta indica) and mustard (Brassica campestris) in the 
management of Meloidogyne incognita and their effects on the yield of menthol mint 
(Mentha arvensis) cv. Kosi. Significant reductions in nematode populations and root-
knot indices were observed in plots treated with oilseed cakes and biological agent, 
the effects of which were equal to the effect of carbofizran. The application of oilseed 
cakes and T. harzianum significantly enhanced crop yield. 
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Dubey (2006) conducted an experiment to determine the efficacy of the 
integration of treatments based on a bioagent (Trichoderma viride), botanical (leaf 
extract and cake of Pongamia glabra), fungicide (carboxin) and Rhizobium sp. in 
various modes of applications for the management of web blight {Rhizoctonia solani 
Kuhn) and their influence on grain yield of urdbean {Vigna mungo L. Hepper). 
Among 54 integrations evaluated, soil application of P. glabra cake (200 kg/ha), seed 
treatment with integration of T. viride (2g/kg seed), carboxin (1 g/kg seed) and 
Rhizobium sp. (25 g/kg seed), and foliar spray of P. glabra leaf extract (10%) were 
found superior as they increased seed germination by 31.6%, yield by 36.0% and 
reduced disease intensity by 94.8%, and also significantly enhanced plant height, root 
length and number of nodules of urdbean. The same mtegration without corboxin was 
also effective and could be used in organic production of urdbean. The integration of 
any two modes of application was found superior over any one alone. 
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CHAPTER 3 MATERIALS AND METHODS 
Selection of test pathogens, biocontrol agent and test plant: 
The root-knot nematode, Meloidogym incognita (Kofoid and White, 1919) 
Chitwood, 1949, wilt-fungus, Fusarium oxysporum f.sp. ciceri (Padwick) Matuo and 
K. Sato and root-rot fungus, Rhizoctonia solani Kuhn were used as test pathogens. 
The biocontroUing fungus Trichoderma harzianum Rifai aggr. was selected as test 
biocontrol agent and Cicer arietinum var. Avrodhi as test plant. 
Preparation and sterilization of soil mixture: 
Sandy loam soil was collected from fertile fields from Aligarh Muslim 
University farm, sieved through 16 mesh sieve to remove stones and debris etc. then 
the soil was thoroughly mixed with compost manure in the ratio of 3:1. Earthen pots 
of 15 cm diameter were filled with the soil and compost manure @ 1 kg per pot. In 
each pot the soil was moistened vdth water. The pots were autoclaved to sterilize at 15 
lb pressure for 20 minutes. Sterilized pots were allowed to cool down at room 
temperature. 20.0 g different oil-seed cakes were thoroughly mixed in each pot. Pots 
were watered and leave them for 15 days to decompose the oil seed cakes before the 
experimental purposes. 
Raising and maintenance of test plant: 
The seeds of chickpea were surface sterilized with 0.1% mercuric chloride for 
2 minutes, then washed thrice in sterilized distilled water and treated with chickpea 
strain of Rhizobium before sowing. Sucrose solution (five per cent) was used as 
sticker for bacterization. The bacterized seeds dried at room temperature, were sown 
in each pot at the rate of 5 seeds per pot. After germination, the seedlings were 
thinned and only one seedling was allowed to grow in each pot. When plants attained 
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the three leaf st^e, were used for experimental purposes throughout the course of 
experiment. 
Preparation of nematode inoculum: 
Pure culture of root-knot nematode, M. incognita was maintained on eggplant 
in concrete microplots having sterilized soil. Large amount of egg masses from 
heavily infected brinjal roots were handpicked with the help of sterilized forcep. Egg 
masses were washed with distilled water and placed on a small coarse sieve (1 mm 
pore size) having moist tissue paper. The sieve placed in 10 cm diameter petridish 
containing water just touching its lower portion. A series of such assemblies were 
kept to get required mraiber of second stage juvenile (J2). Hatched larvae were 
collected alongwith the water from petridishes after 24 hours and transferred to a 
beaker. Fresh water was added to petridishes after withdrawing the nematode 
suspension every time. The process was repeated upto 5-7 days. These second stage 
juveniles served as the inoculum of root-knot nematode. Coimting of juveniles was 
done from the collected suspension of nematodes. An average of five counts were 
made to determine the density of nematodes in the suspension. Each sample was 
transferred to counting dish and counted under stereoscopic microscope (Southey, 
1986). Calculations were made for the total suspension to be used for inoculation. 
Isolation of fungus {Fusarium oxysporum) from infected roots: 
Chickpea plants exhibiting wilt symptoms were collected in polythene bags 
from the infested fields of Atrauli of Aligarh district where chickpea was cultivated 
on a large scale. 
Excess amount of soil adhering to the roots was removed by shaking the root 
system. The roots were cut approximately into 5 mm pieces and transferred to 
petridishes containing 0.1% mercuric chloride solution. After one minute root pieces 
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were washed at least thrice in distilled water and excess water was removed by 
placing them on filter paper. Five root pieces of infected roots were placed in each of 
the 10 petriplates containing potato dextrose agar (for 1 litre: peeled potato = 200 gm, 
dextrose 20 gm. Agar = 20 gm and distilled water = 1000 ml) v^th the help of 
sterilized forcep iinder aseptic condition. Inoculated petriplates were incubated at 
28±2''C for 10 days. The fungus that developed on root segments was examined and 
identified as Fiisarium oxysporum f. sp. ciceri, was isolated and its pure culture 
maintained. 
Raising and maintenance of fungal culture: 
For obtaining sufficient inoculum the fimgus was later cultured on 'Richards 
liquid medium' (Riker and Riker, 1936) having the following composition: 
Potassium nitrate 
Potassium dihydrogen 
Magnesium sulphate 
Ferric chloride 
Sucrose 
Distilled water 
phosphate 
10.00 gm 
5.00 gm 
2.5 gm 
0.02 gm 
50.00 gm 
1000.0 ml 
The medium was prepared and filtered through muslin cloth and sterilized in 
an autoclave at 15 lb pressure for 15 minutes in 250 ml Erlenmayer flasks each 
containing 100 ml of liquid mediimi. The fungus was inoculated in each flask with the 
help of inoculation needle in an aseptic chamber. Inoculated flasks were then 
incubated at 28±2°C for about 15 days to allow sufficient growth of the fungus. Pure 
culture of fungiis was continuously maintained on PDA by reinoculation of the fungus 
after every 15 days. 
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Same process was repeated for raising and maintenance of fimgus 
{Rhizoctonia solani) obtained from culture centre of lARI, New Dellii, India. 
Preparation of fungal inoculum: 
After incubating the flasks for about 15 days, the liquid medium was filtered 
through Whatman's filter paper No. 1. The mycelial mat washed in distilled water to 
remove the traces of medium and gently pressed between the folds of sterile blotting 
paper to remove the excess amount of water. Inoculum was prepared by mixing 10 
gm fungal mycelium in 100 ml of sterilized distilled water and blending it for 30 
seconds in a waring blender (Stemerding, 1964). Thus each 10 ml of this suspension 
contained 1.00 gm of fungal mycelium. 
Inoculation techniques: 
One week old seedlings of chickpea were inoculated with required number of 
second stage juveniles of root-knot nematode, M. incognita and fungal mycelium of 
wilt-fungus, Fusarium oxysporum f sp. ciceri and root-rot fungus, Rhizoctonia solani 
throughout the course of study. 
Roots of seedlings exposed carefully by removing the top layer of the soil 
before inoculations. Second stage juveniles (J2) of M. incognita and/or the fungus 
inoculum was pipetted imiformly all aroimd the exposed roots. Exposed roots were 
immediately covered by leveling the soil properly. Individual and simultaneous 
inoculations of different pathogens and biocontroUing agent were done. The pots were 
kept on a greenhouse bench in a randomized manner. To maintain soil moisture, the 
pots were regularly watered. 
Recording of data: 
Parameters used: The plants were uprooted after 60 days of inoculation and their 
roots were gently washed of the soil, taking utmost care to avoid losses and injury 
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during the entire operation. For measuring length and weight the plants were cut with 
sharp knife just above the base of the root emergence zone. The length of the shoots 
and roots were recorded in centimeters from the cut end to the top of the first leaf and 
to the longest root respectively. The excess of water was removed by putting the plant 
parts between the folds of the blotting sheets, for sometime before taking their fresh 
weights. The weight was recorded in grams. For dry weight, the roots and shoots were 
kept in bamboo envelops for drying in an oven at 60°C for 2-3 days. Reduction in dry 
plant weight (root + shoot) was calculated in terms of per cent reduction for the 
interpretation of the results. 
Estimation of chlorophyll content: 
For estimation of chlorophyll contents, 1.00 g fresh leaf pieces were crushed 
in mortar and pestle containing 50 ml of 80% acetone. The crushed material was 
filtered through Whatman's (No. 2) filter paper. The filtrate was transferred to 100 ml 
volumetric flask and the volume was made up to the mark with 80% acetone. The 
transmittance was read at 645 and 663 nm on 'Spectronic 20' colorimeter. The 
amount of chlorophyll a, b and total chlorophyll was determined as mg/g fresh leaf 
according to the formulae given by Amon (1949). 
12.3 D663-0.86 D645 
mg chlorophyll 'a' /g tissue = x V 
dxlOOOxW 
19.3 D645-3.60 D663 
mg chlorophyll 'b' /g tissue = — x V 
dxlOOOxW 
20.2 D645 + 8.02 D663 
mg total chlorophyll /g tissue = x V 
dxlOOOxW 
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Where, Dees and D645 represent the values of optical densities at the respective 
absorption spectra. 
V = Final volume ofchlorophyll extract in 80% acetone, 
W = fresh weight of tissue extracted 
D = length of the light path. 
Estimation of pods number: 
Pods were estimated by counting the number of pods per plant. 
Root-nodule estimation: 
In the experiments where bacterized seeds were used, nodulation was 
estimated by counting the number of nodules per root system. 
Determination of root-rot: 
The relative amoimt ofR. solani damage was determined by scoring the extent 
of disease on the following scale (Batten and Powell, 1971). 
1 = Less than 10% root-rot 
2 = 11-25% root-rot 
3 = 26-50% root-rot 
4 = 51-75% root-rot 
5 = 76-100% (severe rotting). 
Determination of wilt index: 
Wilt severity (%) was scored on a 0-5 scale (Khan et al., 2004) where : 
1 = 1-20% 
2 = 21-40% 
3 = 41-60% 
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4 = 61-80% 
5 = 81-100% 
Wilt severity were expressed according to the following formula -
No. of wilted branches in a plant x 100 
Wih severity (%) = 
Total No. of branches in a plant 
Nematode population estimation: 
For extraction of nematode from the soil, 250 g subsample of well mixed soil 
from each freatment was processed through Cobb's sieving and decanting method 
followed by modified Baerman fiinnel technique (Southey, 1986). The nematode 
suspension was collected after 24 hr and number of nematodes were counted in the 
counting dish by taking three replicates of 2 ml suspension from each sample. Mean 
of the three such samples was obtained and the population of nematodes per kg soil 
was calculated. 
For estimation of nematode population in roots, 1.0 g of root, from each 
replicated treatment was macerated, for 45 seconds in an electrically operated waring 
blender, in enough water. Counting was done from the suspension thus obtained as 
described above. The total final population was obtained by adding the soil as well as 
root population and the reproduction factor (Rf) was calculated by the formula of 
Oostenbrink (1966) as follows: 
Rf=P£Ti. 
Where, Pf represents the final population and Pi represents the initial population of 
the nematodes. 
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Effect of different inoculum levels of Meloidogyne incognita^ Fmarium 
oxysporum f.ap. ciceri and Rhizoctonia solani separately: 
Pathogenicity tests were conducted using five different inoculum levels of ail 
the three pathogens according to the following schedule-
Inoculation schedule: 
Meloidogyne incognita 
Serial 
No. 
1 
2 
3 
4 
5 
6 
Treatment 
Uninoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Nematode inoculum (No. of 
larvae/ pot) 
-
250 
500 
1000 
2000 
4000 
Fusarium oxysporum f. sp. ciceri: 
Serial 
No. 
1 
2 
3 
4 
5 
6 
Treatment 
Uninoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Fungus inoculum 
(g mycelium/pot) 
-
0.25 
0.50 
1.00 
1.50 
2.00 
Rhizoctonia solani: 
Serial 
No. 
1 
2 
3 . 
4 
5 
6 
Treatment 
Uninoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
— 
Fungus inoculum 
(g mycelium/pot) 
-
0.25 
0.50 
1.00 
1.50 
2.00 
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Effect of individual and concomitant inoculation of variable inoculum levels of 
Meloidogyne incognita and Fusarium oxysporum/Rhizoctonia solani: 
In order to find out the role of M incognita and F. oxysporum/R. solani when 
present individually and concomitantly in the aggravation of plant damage, disease 
development and nematode reproduction on chickpea, the plants were inoculated with 
different inoculum levels of the test pathogens either individually or in various 
combinations. 
Inoculation schedule: 
Serial 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Treatment 
Uninoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Inoculated 
Nematode inoculum (No. 
of larvae/pot) 
-
500 
1000 
2000 
-
-
-
500 
1000 
2000 
500 
1000 
2000 
500 
1000 
2000 
Fungus inoculum 
(g mycelium/pot) 
-
-
-
-
0.5 
1.0 
2.0 
0.5 
0.5 
0.5 
1.0 
1.0 
1.0 
2.0 
2.0 
2.0 
Uninoculated plants served as control in all experiments. Each treatment was 
replicated thrice. After inoculation, the pots (from each experiment) were placed in a 
randomized block design on bench in greenhouse. Plants were allowed to grow 60 
days after inoculation, and later experiments were terminated and data on various 
parameters mentioned previously were recorded and statistically analysed. 
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Effect of individual and simultaneous inoculation of pathogens: 
In order to study the effect of nematode and the fungus on plant growth 
characters and nematode multiphcation, chickpea seedUngs, both unbacterized and 
bacterized were inoculated with the pathogens (M incognita and F. oxysporum and/or 
Rhizoctonia solani) individually and in their simultaneous inoculations. Uninoculated 
bacterized plants were kept as control. Inoculations were made according to the 
schedule presented in table -
1. Uninoculated bacterized (control) 
2. Uninoculated unbacterized. 
3. Inoculation with Th 1.0 g alone 
4. Inoculation with Mi 1000 alone 
5. Inoculation with Foe 1.0 g alone 
6. Inoculation with Mi+ Foe 
7. Inoculation with Mi + Th 
8. Inoculation with Foe + Th 
9. Inocualtion with Mi + Foe +Th 
where Th = Trichoderma harzianum 
Mi = Meloidogyne incognita 
Foe = Fusarium oxysporum f sp. ciceri 
1. Uninoculated bacterized (control) 
2. Uninoculated unbacterized. 
3. Inoculation with Th 1.0 g alone 
4. Inoculation with Mi 1000 alone 
5. Inoculation with Rs 1.0 g alone 
6. Inoculation with Mi+ Rs 
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7. Inoculation with Mi + Th 
8. Inoculation with Rs+ Th 
9. Inocualtion with Mi + Rs +Th 
where Th = Trichoderma harzianum 
Mi = Meloidogyne incognita 
Rs = Rhizoctonia solani 
Management studies: 
To examine the effect of oil-seed cakes amended soil on, root-knot nematode, 
M. incognita, F. oxysporum and/or R. solani on chickpea in pot experiments in 
glasshouse, seedlings of chickpea were grown in different oil-seed cakes amended soil 
in 15 cm diameter clay pots (one seedling/pot). Inoculations were made according to 
the following schedule presented in table-
1. Uninoculated bacterized (control) 
2. Uninoculated unbacterized 
3. Inoculation with Th. 
4. Inoculation with Mi 
5. Inoculation with Foe 
6. Inoculation with Mi + Foe 
7. Inoculation with Mi + Th 
8. Inoculation of Foe+ Th 
9. Inoculation with Mi + Foe + Th 
Th = Trichoderma harzianum, Mi = Meloidogyne incognita, 
Foe = Fusarium oxysporum f sp. ciceri. 
1. Uninoculated bacterized (control) 
2. Uninoculated unbacterized 
3. Inoculation with Th. 
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4. Inoculation with Mi 
5. Inoculation with Rs 
6. Inoculation with Mi + Rs 
7. Inoculation with Mi + Th 
8. Inoculation of Rs+ Th 
P. Inoculation with Mi + Rs + Th 
Th = Trichoderma harzianum, Mi = Meloidogyne incognita, 
Rs= Rhizoctonia solani 
Oilseeds cakes: Azadirachta indica A. Juss., Ricinus communis, Salvadora persica L. 
and Helianthus annus L 
Studies on biocontrol: 
Three inoculum levels (0.5, 1.0 and 2.0 g fungus per plant) of Trichoderma 
harzianum were used to determine its efficacy as a biocontrol agent for the control of 
M. incognita, F. oxysporum f sp. ciceri and R. solani on chickpea plants. One 
thousand second stage juveniles of M incognita, 1.00 g fungal mycelium of each 
fungus, F. oxysporum f. sp. ciceri and R. solani were inoculated with T. harzianum. 
Statistical analysis: 
The data obtained were analyzed statistically and significance of variance was 
calculated at P < 0.05 and P < 0.01 level. 
57 

CHAPTER 4 RESULTS 
Table l.a EfTect of different inoculum levels of Mdoidogyne incognita on plant 
growth, pod yield, chlorophyll contents and nematode multiplication on chickpea 
(C arietinum) cv. Avrodhi in absence of Rhizobium. 
It is evident from the data given in Table l.a that the plant growth of chickpea 
(C. arietinum) was decreased with an increase in the inoculum levels of the test 
pathogens. 
The shoot length of plant was recorded by 42.02, 40.32, 31.38, 27.90, 26.02 
cm as against 42.40 cm; root length was 23.00, 21.92, 17.36, 15.69, 13.74 cm as 
against 23.24 cm; total plant length was 65.02, 62.24, 48.74, 43.59, 39.76cm as 
against 65.64cm; fresh shoot weight was 24.11, 23.05, 17.17, 15.36, 13.18 g as 
against 24.10 g; fresh root weight was 10.19, 10.01, 6.95, 6.64, 5.52 g as against 
10.46 g; total fresh weight was 34.30, 33.06, 22.12, 22.00, 18.70g as against 34.56g; 
dry shoot weight was 6.34, 6.20, 4.08, 3.70, 3.13 g as against 6.32 g and dry root 
weight was 1.91, 1.87, 1.26, 1.16, 0.96 g as against 1.94 g and total dry weight was 
8.25, 0.07, 5.34, 4.86, 4.09g as against 8.26g in 250, 500, 1000, 2000 and 4000 
larvae/kg soil treated plants respectively over control. 
Reduction in total plant length was 0.94, 5.18, 25.75, 33.59, 39.43%; plant 
fresh weight 0.75, 4.34, 30.31, 36.34, 45.89% and plant dry weight 0.12, 2.30, 35.59, 
41.16 and 50.48% in 250, 500, 1000, 2000 and 4000 laivae inoculated per plant 
respectively over control. 
Total number of pods were recorded by 30.66, 25.66, 21.66, 19.00 and 16.66 
in the test plant inoculated with 250, 500, 1000, 2000 and 4000 larvae respectively as 
compared to 34.66 in uninoculated control. Pod yield was reduced by 11.54. 25.97, 
37.51, 45.18 and 51.93% over control in above given treatments respectively. 
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Fig. 1. EflFect of different inoculum levels of Meloidogyne incognita on dry weight, chlorophyll content 
and nematode peculation of chickpea {Cicer arietimm var. Avrodhi) in the absence ofRhizobium. 
It is clear from data presented in Table l.b that chlorophyll 'a' was found 
1.624, 1.492, 1.121, 1.047, 0.837 mg/g as against 1.616 mg/g; chlorophyll 'b' was 
0.577, 0.532, 0.341, 0.294, 0.260 mg/g, as against 0.601 mg/g and total chlorophyll 
content were 2.201, 2.024, 1.462, 1.314, 1.097 mg/g as against 2.256 mg/g in the test 
plant inoculated with 250, 500, 1000, 2000 and 4000 larvae/plant respectively. Total 
chlorophyll contents were reduced by 2.44, 10.28, 35.20, 41.76 and 51.37% in 250, 
500, 1000, 2000 and 4000 larvae inoculated plant respectively over control. 
Total nematode population was found 6010, 9540, 12970, 18330 and 26850 
and rate of nematode multiplication (Rf) was 24.04, 19.08, 12.97, 9.17 and 6.71 in 
250, 500, 1000, 2000 and 4000 larvae inoculated plants respectively. 
Number of galls were recorded 48, 69, 105, 169 and 234 per root system in the 
test plant inoculated with 250, 500, 1000, 2000 and 4000 larvae respectively. 
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Table 2a: Effect of different inoculum levels of Meloidogyne incognita on plant 
growth, pod yield, chlorophyll contents and nematode multiplication on chickpea 
(C arietinum) cv. Avrodhi in presence of Rhizobium. 
Results presented in Table 2a indicate that the shoot length of plant was 50.20, 
48.24, 40.94, 35.68, 32.90 cm as against 50.36 cm; root length was 25.70, 24.76, 
20.41, 18.40, 16.10 cm as against 25.74 cm; total plant length was 75.90, 73.00, 
61.35, 54.08, 49.00cm as against 76.10cm; fresh shoot weight was 25.34, 24.25, 
23.19, 21.40, 19.60 g as against 28.67 g; fresh root weight was 12.50, 12.10, 7.60, 
6.90, 5.30 g as against 12.65g; total fresh weight was 41.00, 39.70, 30.79, 28.30, 
24.90g as against 43.32g; dry shoot weight was 7.27, 6.90, 5.20, 4.40, 4.13 g as 
against 7.42 g; dry root weight was 2.45, 2.29, 1.75, 1.72, 1.40 g as against 2.49 g and 
total dry weight was 9.72, 9.19, 6.95, 6.12, 5.52g as against 9.91g in 250, 500, 1000, 
2000 and 4000 juveniles treated per plant respectively over uninoculated control. 
Reduction in total plant length was 0.26, 4.07, 19.38, 28.94, 35.61%; plant 
fresh weight 0.77, 3.92, 25.48, 31.51, 39.74% and plant dry weight 1.92, 7.27, 29.87, 
38.24, 44.30% in 250, 500, 1000, 2000 and 4000 larvae inoculated per plant 
respectively over control. 
Pod yield was recorded 42.00, 40.33, 31.00, 27.33 and 23.66 in the test plant 
inoculated with 250, 500, 1000, 2000 and 4000 juveniels per plant respectively as 
against the 43.33 in uninoculated control. Pod yield was decreased by 2.33, 6.21, 
27.91, 36.44 and 44.98% over control in above given treatments respectively. 
It is clear from data presented in Table 2b that chlorophyll 'a' was observed 
1.861, 1.749, 1.370, 1.229, 1.123 mg/g as against 1.875 mg/g; chlorophyll 'b' was 
0.940, 0.872, 0.624, 0.539, 0.442 mg/g as against 0.948 mg/g and total chlorophyll 
contents were 2.801, 2.621, 1.994, 1.768, 1.565 mg/g as against 2.823 mg/g in the test 
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Fig. 2a. Effect of different inoculum levels of Meloidogyne incognita on dry weight and chlorophyll 
contentof chickpea {Cicer arietinum var. Avrodhi) in the presence of Rhizobium. 
Contro/ Mi 250 Mi 500 Mi 1000 
Treatments 
Mi 2000 Mi 4000 
Fig. 2b. Effect of different inoculum levels of Meloidogyne incognita on number of nodules per root 
system and nematode population on chickpea {Cicer arietinum var. Avrodhi) in the presence 
of Rhizobium. 
plant inoculated with 250, 500, 1000, 2000 and 4000 juveniles of M incognita per 
plant respectively over control. Reduction in total chlorophyll contents was 0.78, 7.16, 
29.37, 37.37 and 44.56% over control in above given inocula. 
Number of nodules per root system were recorded 55, 51, 40, 32 and 20 in 
chickpea plants inoculated with 250, 500, 1000, 2000 and 4000 juveniles of M 
incognita per plant respectively. 
Total nematode population was noticed 4210, 6690, 9050, 16270, 23930 and 
rate of nematode multiplication (Rf) was 16.84, 13.38, 9.05, 8.14 and 5.98 in 250, 
500, 1000, 2000 and 4000 larvae inoculated per plant respectively. 
Number of galls were recorded 37, 50, 84, 138 and 198 per root system in the 
test plant inoculated with 250, 500, 1000, 2000 and 4000 larvae per plant respectively. 
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Table 3a. Effect of different inoculum levels of Fusarium oxy^orum f.sp. ciceri 
on plant growth, pod yield and chlorophyll contents on chickpea (C arietinum) 
cv. Avrodhi in absence of Rhizobium. 
It is clear from data presented in Table 3a that when chickpea plant was 
inoculated with Fusarium oxysporum f.sp. ciceri. The shoot length of test plant was 
recorded 41.36, 39.66, 28.80, 24.96, 21.60 cm as against 42.40 cm; the root length 
was 22.54, 21.16, 15.10, 13.66, 11.44 cm as against 23.24 cm; total plant length was 
63.90, 60.82, 43.90, 38.62, 33.04cm as against 65.64cm; the fresh shoot weight was 
23.10, 21.98, 13.44, 12.04, 10.72 g as against 24.10 g; fresh root weight was 9.96, 
9.42, 5.46, 4.92, 4.06g as against 10.46 g; total fresh weight was 33.10, 31.40, 18.90, 
16.96 and 14.78g as against 34.56g; shoot dry weight was 6.15, 6.10, 3.30, 2.78, 2.41 
g as against 6.32 g; root dry weight was 1.87, 1.79, 1.10, 0.86, 0.81 g as against 1.94g 
and total dry weight was 8.03, 7.89, 4.40, 3.64, 3.22g as against 8.26g in the test 
plants treated with 0.25, 0.50, 1.00, 1.50 and 2.00 g mycelial mat respectively over 
control. 
Reduction in total plant length was 2.65, 7.34,33.12, 41.16, 49.66%, plant 
fresh weight 4.22, 9.14, 45.31, 50.53, 57.23% and plant dry weight 2.91, 4.48, 46.73, 
55.93, 61.02% in 0.25, 0.50, 1.00, 1.50 and 2.00 g mycelial mat respectively over 
control. 
Total number of pods were recorded 33.66, 32.00, 18.33, 16.66 and 14.00 in 
the test plants inoculated with 0.25, 0.50, 1.00, 1.50 and 2.00g mycelial mat 
respectively as against 34.66 in uninoculated control. Pod yield was reduced by 2.89, 
6.79, 46.61, 51.47 and 59.22% over control in above given treatments respectively. 
The data presented in Table 3b revealed that chlorophyll 'a' was 1.632, 1.514, 
0.886, 0.802, 0.690mg/g as against 1.616mg/g; chlorophyll 'b' was 0.557, 0.538, 
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Fig. 3. Effect of different inoculum levels of Fusarium oxysporum f sp. ciceri on dry weight, chlorophyll 
content and wilt-index of chickpea {Cicer arietinum var. Avrodhi) in the absence ofRhizobium. 
0.309, 0.217, 0.206 mg/g as against 0.601mg/g and total chlorophyll contents were 
2.209, 2.052, 1.205, 1.049 and 0.896 mg/g as against 2.256mg/g in the test plants 
inoculated with 0.25, 0.50, 1.00, 1.50 and 2.00g mycelial mat respectively over 
control plants. Total chlorophyll contents were reduced by 2.08, 9.04, 46.59, 53.50 
and 60.28% over control in above given treatments respectively. 
W^ ilt index was observed by 1.30, 1.70, 4.10, 4.50 and 4.90 in chickpea plant 
inoculated with 0.25, 0.50, 1.00, 1.50 and 2.00 g mycelial mat over control. 
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Table 4a. Effect of difierent inoculum levels of Fusarium oxysporum f.sp. ciceri 
on plant growth of chickpea {Cicer arietinum) cv. Avrodhi in presence of 
Rhiwbium. 
The shoot length of plant was observed 43.76, 46.20,36.10, 33.00, 29.10 cm as 
against 50.36 cm; root length was 24.87, 23.90, 17.90, 16.30, 14.60 cm as against 
25.74 cm; total plant length was 74.05, 70.10, 54.00, 49.30, 43.70cm as against 
76.10cm; fresh shoot weight was 27.70, 26.05, 17.67, 15.79, 15.08 g as against 28.67 
g; fresh root weight was 12.30, 11.40, 7.52, 6.35, 4.96 g as against 12.65 g; total fresh 
weight was 40.00, 37.45, 25.19, 22.14, 20.04g as against 41.32g; dry shoot weight 
was 7.02, 6.59, 4.38, 3.80, 3.47 g as against 7.42 g and dry root weight was 2.42, 
2.19, 1.44, 1.31, 1.19 g as against 2.49 g and total dry weight 9.44, 8.78, 5.82, 5.11, 
4.66g as against 9.91g in the test plant inoculated with 0.25, 0.50, 1.00, 1.50 and 2.00 
g mycelial mat of F. oxysporum f.sp. ciceri respectively over control. 
Reduction in total plant length was 2.69, 7.88, 29.04, 35.22, 42.58%, plant 
fresh weight 2.91, 9.10, 38.85, 46.26, 51.36% and plant dry weight 4.74, 11.60, 41.27, 
48.44, 52.98% in 0.25, 0.50, 1.00, 1.50 and 2.00 g F. oxysporum fsp. ciceri 
inoculated per plant respectively over control. 
Number of pods were observed 41.00, 38.00, 25.33, 22.33 and 19.00 in the 
test plant inoculated with 0.25, 0.50, 1.00, 1.50, and 2.00 g F. oxysporum fsp. ciceri 
per plant respectively as against the 43.00 in uninoculated control. Reduction in pod 
yield was 4.65, 11.63,41.03, 48.07 and 55.81% over control in above given treatments 
respectively. 
It is clear from data presented in Table 4b that the chlorophyll 'a' was noticed 
1.820, 1.668, 1.144, 1.050, 0.915 mg/g as against the 1.875 mg/g; chlorophyll 'b' was 
0.919, 0.843, 0.548, 0.472, 0.384 mg/g as against 0.948 mg/g and total chlorophyll 
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Fig. 4a. Effect of different inoculum levels of Fusarium oxysporum f. sp. ciceri on dry weight and 
chlorophyll content of chickpea {Cicer arietinum var. Avrodhi) in the presence of Rhizobium. 
Treatments 
Fig. 4b. Effect of different inoculum levels ofFusarium oxysporum f sp. ciceri on number of nodules 
per root system and wilt-index of chickpea {Cicer arietinum var. Avrodhi) in the presence of 
Rhizobium. 
M1«\JlVtSll^ 
contents were 2.739, 2.511, 1.692, 1.522 and 1.299 mg/g as against the 2.823 mg/g in 
the test plant inoculated with 0.25, 0.50, 1.00, 1.50 and 2.00 g mycelial mat of F. 
oxysporum f.sp. ciceri per plant respectively over control. Total chlorophyll contents 
were reduced by 2.98, 11.05, 40.06, 46.09, 53.99% over control in above given 
treatments respectively. 
Number of nodules were observed by 54, 43, 35, 32 and 19 as against 60 per 
root system in the test plant inoculated with .25, 0.50, 1.00, 1.50, and 2.00g of F. 
oxysporum f sp. ciceri per plant respectively over control. 
Wilt-index was observed by 1.10, 1.20, 3.80, 4.25 and 4.50 in the test plant 
inoculated with .25, 0.50, 1.00, 1.50 and 2.00 g mycelial mat of F. oxysporum fsp. 
ciceri respectively. 
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Table 5a. Effect of different inoculum levels of Rhizoctonia solani on plant 
growth of chickpea {Cicer ariednum) cv. Avrodhi in the absence of Rhizpbiunu 
It is evident from data presented in Table 5a that the shoot length was recorded 
41.44, 40.60, 31.08, 30.40, 25.55cm as against the 42.40 cm; root length was 22.86, 
21.85, 16.92, 14.30, 12.55cm as against 23.24 cm; total plant length was 64.30, 62.45, 
48.00, 44.70, 38.10cm as against 65.64cm; the fresh shoot weight was 23.45, 23.08, 
15.95, 14.55, 12.40g as against 24.10g; fresh root weight was 10.30,9.97, 6.45,6.20 g 
as against 10.46g; total fresh weight was 33.75, 33.05, 22.40, 20.75, 17.20g as against 
34.56g; dry shoot weight was 6.27, 6.11, 3.92, 3.35, 2.94 g as against 6.32 g and dry 
root weight was 1.88, 1.85, 1.19, 1.07, 0.87g as against 1.94 g and total dry weight 
was 8.15, 7.96, 5.11, 4.42, 3.81g as against 8.26g in the test plants inoculated with 
0.25, 0.50, 1.00, 1.50 and 2.00g mycelial mat ofR. solani respectively as compared to 
uninoculated control. 
Reduction in growth parameters such as plant length was 2.01, 4.86, 26.87, 
31.90, 40.43%, plant fresh weight 2.30, 4.37, 35.19, 39.96, 50.23% and plant dry 
weight 1.33, 3.63, 38.14, 46.49, 53.87% in 0.25, 0.50, 1.00, 1.50 and 2.00 g myceUal 
mat ofK solani inoculated per plant respectively over control. 
Number of pods were noticed 33.33, 32.66, 21.66, 19.33 and 16.00 in the test 
plant inoculated with 0.25, 0.50, 1.00, 1.50 and 2.00 g mycelial mat of/?, solani per 
plant respectively as compared to 34.66, in uninoculated control. Pod yield was 
reduced by 2.91, 4.86, 37.51, 44.23 and 53.08% over control in above given 
treatments respectively. 
Data presented in Table 5.b revealed that chlorophyll 'a' was 1.632, 1.556, 
1.041, 0.910, 0.800 mg/g as against 1.616 mg/g; chlorophyll 'b' was 0.587, 0.559, 
0.351, 0.314, 0.244 mg/g as against 0.601 mg/g and total chlorophyll contents were 
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Fig. 5. Effect of different inoculum levels of Rhizoctonia solani on dry weight, chlorophyll content and 
root-rot index of chickpea {Cicer arietinum var. Avrodhi) in the absence of Rhizobium. 
2.219, 2.115, 1.392, 1.224, 1.004 mg/g as against 2.256 mg/g in the test plants treated 
with 0.25, 0.50, 1.00, 1.50, 2.00 g mycelial mat respectively over control. Reduction 
in total chlorophyll contents were 1.64, 6.25, 38.30, 45.74 and 53.72% over control in 
above given treatments respectively. 
Root-rot index was observed by 1.70, 2.00, 3.90, 4.20 and 4.60 in the test plant 
inoculated with 0.25, 0.50, 1.00, 1.50 and 2.00 g mycelial mat of K sokmi 
respectively. 
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Table 6a. Effect of different inoculum levels of Rhizoctonia solani on plant 
growth of chickpea (Cicer arietinum) cv. Avrodhi in the presence of Rkizobium. 
The shoot length of plant was 44.50, 48.30, 39.14, 36.24, 33.58 cm as against 
50.36 cm; root length was 25.36, 24.40, 19.50,17.05, 16.00 cm as against 25.74cm; 
total plant length was 75.00, 72.70, 58.64, 53.29, 49.58cm as against 76.10cm; fresh 
shoot weight was 25.00, 23.75, 20.27, 19.11, 18.75 g as against 28.67 g; fresh root 
weight was 12.39, 11.87, 8.45, 7.60, 6.40 g as against 12.65 g; total fresh weight was 
41.25, 39.05,28.72, 26.71, 25.15g as against 41.32g; dry shoot weight was 7.16, 6.82, 
5.00, 4.57, 4.17g as against 7.42 g; dry root weight was 2.48, 2.27, 1.67, 1.55, 1.42 g 
as against 2.49 g and total dry weight was 9.64, 9.09, 6.67, 6.12, 5.59g as against 
9.91g in the test plant inoculated with 0.25, 0.50, 1.00, 1.50 and 2.00 g mycelial mat 
of/i solani respectively over control. 
Reduction in growth parameters such as plant length was 1.45, 4.47, 22.94, 
29.97, 34.85%; plant fresh weight 0.17, 5.49, 30.49, 35.36, 39.13% and plant dry 
weight 2.72, 8.27, 32.69, 38.24 and 43.59% in the test plant inoculated with 0.25, 
0.50, 1.00, 1.50 and 2.00 g mycelial mat of R. solani per plant respectively over 
control. 
Pod yield was recorded 41.66, 39.33, 29.00, 26.66 and 23.33 as against 43.00 
in the chickpea plant inoculated with 0.25, 0.50, 1.00, 1.50 and 2.00 g K solani per 
plant respectively over control. Pod yield was reduced by 3.12, 8.53, 32.56, 38.00 and 
48.07% over control in above given inocula ofR solani respectively. 
It is clear from data given in table 6b that the chlorophyll 'a' was recorded 
1.821, 1.729, 1.284, 1.240, 1.122 mg/g as against 1.875 mg/g; chlorophyll 'b' was 
0.924, 0.851, 0.586, 0.480, 0.430 mg/g as against 0.948 mg/g and total chlorophyll 
contents were 2.745, 2.580, 1.870, 1.721, 1.552 mg/g as against 2.822 mg/g in the test 
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Fig. 6a. Effect of diflferent inoculum levels of Rhizoctonia solani on dry weight and chlorophyll content 
of chickpea {Cicer ariet'mum var. Avrodhi) in the presence of Rhizobium. 
Control Rs 0.25 Rs 0.50 Rs 1.00 
Treatments 
Rs 1.50 Rs2.00 
Fig. 6b. Effect of different inoculum levels of Rhizoctonia solani on number of nodules per root system 
and root-rot index of chickpea {Cicer arietinum var. Avrodhi) in the presence of Rhizobium. 
plant inoculated with 0.25, 0.50, 1.00, 1.50 and 2.00 g mycelium of/?, solani per plant 
respectively over control. Total chlorophyll contents were reduced by 2.76, 8.61, 
33.76, 39.04 and 45.02% in 0.25, 0.50, 1.00, 1.50 and 2.00 g mycelial mat of/t solani 
inoculated plant respectively over control. 
Number of nodules were observed by 54, 49, 37, 36 and 20 as against 60 per 
root system in the test plant inoculated with 0.25, 0.50, 1.00, 1.50 and 2.00 g 
mycelium of/?, solani per plant respectively over control. 
Root-rot index was observed by 1.30, 2.10, 3.70, 4.00 and 4.30 in the test plant 
inoculated with 0.25, 0.50, 1.00, 1.50 and 2.00 g mycelial mat of/ t solani over 
control. 
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Table 7a: Effect of individual and concomitant inoculation of variable inoculum 
levels of Meloidogyne incognita and Fusarium oxysporum f.sp. ciceri on nematode 
multiplication, wilt-index and plant growth of chickpea (C arietinum) cv. 
Avrodhi in the absence oT Rhizobium. 
Results presented in Table 7a reveal that both the test pathogens, M. incognita 
and F. oxysporum f.sp. ciceri when inoculated alone adversely aflfected the test plant 
growth and with an increase in the inoculum levels of each pathogen, a gradual 
decrease in plant growth was observed in all the treatments. 
Root-knot nematode, Meloidogyne incognita: 
Shoot length of plant was recorded 41.20, 31.40, 28.00 cm as against the 42.30 
cm; root length was 21.90, 17.10, 15.20 cm as against 23.20 cm; total plant length 
was 63.10, 48.50, 43.20cm as against 65.50cm; fresh shoot weight was 24.26, 15.74, 
14.30 g as against 23.95 g; fresh root weight was 9.74, 6.66, 6.05 g as against 10.15 g; 
total fresh weight was 34.30, 22.40, 20.35g as against 34.10g; dry shoot weight was 
6.13, 3.78, 3.37 g as against the 6.24 g; dry root weight was 1.89, 1.20, 1.06g against 
1.98g and total dry weight was 8.02, 4.98, 4.43g as against 8.22g in 500, 1000 and 
2000 juveniles inoculated per plant respectively over control. 
Wilt fungus, Fusarium oxysporum f.sp. ciceri: 
Shoot length of plant was 41.40, 28.90, 24.90 cm as against 42.30 cm; root 
length was 22.40, 15.80, 13.60 cm as against 23.20cm; total plant length was 63.80, 
44.70, 38.50cm as against 65.50cm; fresh shoot weight was 23.28, 14.47, 12.41 g as 
against 23.95 g; fresh root weight was 10.02, 6.13, 5.25 g as against 10.15 g; total 
fresh weight was 33.30, 20.60, 17.66g as against 34.10g; dry shoot weight was 6.20, 
3.42, 2.75 g as against 6.24 g; dry root weight was 1.82, 1.08, 0.86 g as against 1.98g 
70 
and total dry weight was 8.02, 4.50, 3.61g as against 8.22g in 0.50, 1.00 and 2.00 g F. 
oxysporum f.sp. ciceri inoculated plant respectively over control. 
Wilt fungus + root knot nematode combination: 
The shoot length of plant was 27.20, 24.60, 23.40 cm as against 42.30 cm; root 
length was 14.60, 13.40, 12.60 cm as against 23.20cm; total plant length was 41.80, 
38.00, 36.00cm as against 65.50cm; the fresh shoot weight was 13.87, 11.94, 11.24 g 
as against 23.95 g; fresh root weight was 5.88, 5.06, 4.76 g as against the 10.15 g; 
total fresh weight was 19.75, 17.00, 16.00g as against 34.10g; dry shoot weight was 
3.23, 2.68, 2.44 g as against 6.24 g; dry root weight was 1.02, 0.83, 0.76 g as against 
1.98g and total dry weight was 4.25, 3.51, 3.20g as against 8.22g when 0.50 g fungus 
(F. oxysporum f sp. ciceri) was inoculated with three inoculum levels (500, 1000 and 
2000 J2) of M incognita respectively over control. 
Similarly, the shoot length of plant was 24.10, 20.70, 20.10, 21.37, 19.40, 
17.80 cm as against 42.30 cm; root length was 13.20, 12.00, 11.30, 11.90, 10.60, 9.70 
cm as against 23.20 cm; total plant length was 37.30, 32.70, 33.27, 30.00, 27.50cm as 
against 65.50cm; fresh shoot weight was 11.45, 9.79, 8.99, 10.05, 8.82, 7.52 g as 
against 23.95 g; fresh root weight was 4.85, 4.04, 3.81, 4.25, 3.73, 3.18 g as against 
10.15 g; total fresh weight was 16.30, 13.83, 12.80, 14.30, 12.55, 10.70g as against 
43.10g; dry shoot weight was 2.53, 1.92, 1.73, 2.24, 1.56, 1.31 g as against 6.24g; dry 
root weight was 0.78, 0.59, 0.54, 0.69, 0.48, 0.39 g as against 1.98g and total dry 
weight was 3.31, 2.51, 2.27, 2.93, 2.04 ,1.70g as against 8.22g in simultaneous 
inoculation of above nematode inocula with 1.00 and 2.00 g fungus respectively over 
control. 
Reduction in total plant length was 3.66, 25.95, 34.05%, plant fresh weight 
0.59, 34.31, 40.32% and plant dry weight 2.43, 39.42, 46.11% in 500, 1000 and 2000 
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larvae treated per plant respectively over control. Reduction in plant growth 
parameters such as plant length was 2.60, 31.76, 41.22%, fresh weight 2.35, 39.59, 
48.21% and dry weight 2.43, 45.26, 56.08% in 0.50, 1.00 and 2.00 g F. oxysporum 
f.sp. ciceri inoculated plants respectively over control. Amongst the concomitant 
inoculations, the percent loss in total plant length was 36.18, 41.98, 45.04%, total 
fresh weight 42.08, 50.15, 53.08% and total dry weight 48.30, 57.30, 61.07% when 
0.50 g F. oxysporum f.sp. ciceri was inoculated with increasing moculum 500, 1000 
and 2000 larvae levels of M incognita respectively over control. Similarly, reduction 
in growth parameters of plant such as total plant length was 43.05, 50.08, 52.06, 
49.21, 54.20, 58.02%; total fresh weight 52.20, 59.44, 62.46, 58.06, 63.20, 68.62% 
and total dry weight 59.73, 69.46, 72.38, 64.36, 75.18, 79.32% in simultaneous 
inoculations of above inocula of nematode with 1.00 and 2.00 g fiingus (F. oxysporum 
f sp. ciceri) respectively over control. 
Total number of pods were recorded 33.00, 21.00, 19.00 in 500, 1000 and 
2000 juveniles of M icnognita treated plants as against 34.00 and 32.33, 19.00 and 
16.33 in 0.50, 1.00, 2.00g of F. oxysporum f sp. ciceri treated plants respectively as 
compared to 34.00 in uninoculated control. Pod yield was recorded 18.33, 16.00, 
14.66 when plants were inoculated by 0.50g F. oxysporum f sp. ciceri with three 
inoculum levels (500, 1000 and 2000 larvae) of M incognita. The total number of 
pods were 15.33, 10.66, 10.00, 12.66, 9.00 and 7.00 in simultaneous inoculations of 
above nematode inocula with 1.00 and 2.00 g fiingus respectively compared to 34.00 
in uninoculated control. 
The number of pods were decreased by 2.94, 38.24, 44.12% in nematode 500, 
1000 and 2000 larvae inoculated plant and 4.91, 44.12, 51.97% in fiingus 0.50, 1.00, 
2.00 g inoculated plants respectively. Pod yield was reduced by 46.09, 52.94, 56.88% 
when plants were treated by 0.5 g F. oxysporum f sp. ciceri with increasing inoculum 
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levels 500, 1000, and 2000 larvae of M incognita. Reduction in pod yield was 54.91, 
68.65, 70.59, 62.76, 73.53 and 79.41% in simultaneous inoculation of above inocula 
of nematode with 1.00 and 2.00 g fiingus respectively. 
Chlorophyll 'a' was 1.502, 1.141, 1.036mg/g as against 1.598mg/g; 
chlorophyll 'b' was 0.529, 0.229, 0.174mg/g as against 0.633mg/g and total 
chlorophyll contents were 2.031, 1.370, 1.210mg/g in 500, 1000 and 2000 juveniles of 
M incognita inoculated plants respectively as compared to 2.232 mg/g in 
uninoculated control. Chlorophyll 'a' was 1.479, 1.051, 0.932 mg/g as against 
1.598mg/g; chlorophyll 'b' was 0.519, 0.188, 0.070mg/g as against 0.633mg/g and 
total chlorophyll contents were 1.998, 1.239, 1.002 mg/g in the test plant inoculated 
with 0.50, 1.00 and 2.00 g mycelial mat of F. oxysporum f sp. ciceri per plant 
respectively. Chlorophyll 'a' was noticed 1.065, 0.888, 0.835 mg/g as against 
1.598mg/g; chlorophyll 'b' was 0.116, 0.088, 0.064mg/g as against 0.633mg/g and 
total chlorophyll contents were 1.181, 0.976, 0.899mg/g as against 2.321mg/g when 
plants were inoculated by 0.50 g F. oxysporum f sp. ciceri with 500, 1000 and 2000 
juveniles of M incognita. Similarly, chlorophyll 'a' was 0.879, 0.596, 0.562, 0.735, 
0.510, 0.422 mg/g as against 1.598mg/g; chlorophyll 'b' was 0.072, 0.102, 0.092, 
0.066, 0.083, 0.078 mg/g as against 0.633mg/g and total chlorophyll contents were 
0.951, 0.698, 0.654, 0.801, 0.593, 0.500 mg/g as against 2.231mg/g in concomitant 
inoculations of above nematode inocula with 1.00 and 2.00g fungus respectively. 
Total chlorophyll contents were reduced by 8.96, 38.59, 45.76% in 500, 1000, 
2000 larvae of M incognita inoculated and 10.44, 44.46, 55.09% in 0.50, 1.00 and 
2.00 g F. oxysporum f sp. ciceri treated plants respectively as against the 2.232 mg/g 
in uninoculated control. Reduction in total chlorophyll contents were observed 47.06, 
56.25, 59.70% when test plant was treated by 0.50g F. oxysporum f sp. ciceri with 
500, 1000 and 2000 juveniles of M incognita respectively. Similarly, reduction in 
73 
^^/^ /"Z . * * - N ^ . # < / •< „ ^ ^ ^^^ ^ * „ ^ -V> . < * - " 
.^ ^ 
. ^ n # 
/ / / / / / / , / / 
Treatment 
Fig. 7a. Effect of individual and concomitant inoculation of variable inoculum levels of Meloidogyne 
incognita and Fusarium oxysporum f. sp. ciceri on dry weight and chlorophyll content of 
chickpea {Cicer arietinum var. Avrodhi) in the absence of Rhizobium. 
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Fig, 7b. Effect of individual and concomitant inoculation of variable inoculum levels of Me loidogyne 
incognita and Fusarium oxysporum f. sp. ciceri on nematode population and wilt-index of 
chickpea {deer arietinum var. Avrodhi) in the absence of Rhizobium. 
total chlorophyll contents were 57.37, 68.71, 70.69, 64.10, 73.42 and 77.59% in 
concomitant inoculations of above nematode inocula with 1.00 and 2.00 g fungus 
respectively as compared to 2.232 mg/g in uninoculated control. 
Total nematode population was 10260, 16610, 23190 and the rate of nematode 
multiplication was 20.52, 16.61, 11.60 in 500, 1000 and 2000 juveniles of M 
incognita inoculated plants respectively. Nematode population was 10070, 13640, 
19400 and rate of nematode multiplication was 20.14, 13.64, 9.70 when 0.50 g F. 
oxysporum f sp. ciceri was inoculated with each three inoculum (500, 1000, 2000 
larvae) levels of M incognita. The nematode population was 8450, 11600, 16900, 
7230, 9810, 14100 and rate of nematode multiplication was 16.90, 11.60, 8.45, 14.46, 
9.81, 7.05 in simultaneous inoculation of above inocula of nematode with 1.00 and 
2.00 g mycelial mat of F. oxysporum f sp. ciceri respectively. 
Number of gall were 74, 104, 127 in 500, 1000 and 2000 juveniles of 
M. incognita inoculated per plants respectively. Number of galls were 69,97, and 114 
when test plant was inoculated by 0.50 g fungus with each inoculum level (500, 1000 
and 2000) of M incognita. Similarly, number of galls were 56,82, 102, 37, 52, 67 in 
simultaneous inoculations of above nematode inocula with 1.00 and 2.00 g fungus (F. 
oxysporum f sp. ciceri) respectively over control. 
Wilt-index was observed 1.95, 4.30 and 4.60 in 0.50, 1.00 and 2.00 g fungus 
inoculated plants respectively. Wilt-index was 4.40, ^.65, 4.80 when test plant was 
inoculated by 0.50 g fungus with each inoculum levels (500, 1000 and 2000 larvae) of 
M. incognita. Wilt-index was noted 4.70, 4.85, 4.90, 4.70, 5.00 and 5.00 in 
simultaneous inoculations of above nematode inocula with 1.00 and 2.00 g fungus {F. 
oxysporum f sp. ciceri) respectively. 
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Table 8. Effect of individual and concomitant inoculations of variable inoculum 
levels of M incognita and F. oxysporum f.sp. ciceri on plant growth, number of 
pods, chlorophyll contents, nodulation, nematode multiplication and wilt-index 
on chickpea (C ariednum) cv. Avrodhi in presence of Rhizobium. 
It is cleared from the Table 8 that the shoot length was noticed 49.15, 40.60, 
35.86 cm as against 50.26cm; root length was 24.95, 20.70, 18.34 cm as against 25.70 
cm; total length was 74.10, 61.30, 54.20cm as against 75.96cm; fresh shoot weight 
was 27.36, 21.49, 19.00 g as against 28.38 g; fresh root weight was 11.90, 9.51, 8.40 
g as against 12.55 g; total fresh weight was 39.26, 31.00, 27.40g as against 40.93g; 
dry shoot weight was 7.28, 5.04, 4.44 g as against 7.50 g; dry root weight was 2.49, 
1.74, 1.53 g as against 2.57g and total dry weight was 9.77, 6.78, 5.97g as against 
10.07g in 500, 1000 and 2000 juveniles of M incognita inoculated plants respectively 
over control. 
Shoot length was 48.28, 37.70, 32.70 cm as against 50.26 cm; root length was 
24.22, 19.30, 16.60 cm as against 25.70 cm; total length was 72.50, 57.00, 49.30cm 
49.30 cm as against 75.96cm; fresh shoot weight was 26.40, 19.18, 16.49 g as against 
28.38 g; fresh root weight was 11.70, 8.48, 7.21 g as against 12.55 g; total fresh 
weight was 38.10, 27.66, 23.70g as against 40.93g; dry shoot weight was 6.72, 4.65, 
3.85 g as against 7.50 g; dry root weight was 2.22, 1.61, 1.32 g as against 2.57 g and 
total dry weight was 8.94, 6.26, 5.17g as against 10.07g in 0.50, 1.00 and 2.00 g F. 
oxysporum f. sp. ciceri inoculated plants respectively over control. The shoot length 
of plant was 34.60, 32.40, 31.00 cm as against 50.25 cm; root length was 18.10, 
16.60, 15.85 cm as against 25.70 cm; total plant length was 52.70, 48.98, 46.95 as 
against 75.96g fresh shoot weight was 18.42, 16.20, 15.33 g as against 28.38 g; fresh 
root weight was 8.15, 7.00, 6.67 g as against 12.55 g; total fresh weight was 26.57, 
23.20, 22.00g as against 40.93g; dry shoot weight was 4.29, 3.73, 3.48 g as against 
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7.50 g and dry root weight was 1.48, 1.29, 1.19 g as against 2.57g total dry weight 
was 5.77, 5.02, 4.67g as against 10.07g when 0.50 g F. oxysporum f.sp. ciceri was 
inoculated with 500, 1000 and 2000 larvae of M incognita respectively over control. 
Similarly, the shoot length was 32.00, 27.70, 27.50, 28.10, 26.10, 24.70 cm as against 
50.26 cm; root length was 16.40, 14.00, 13.50, 14.40, 13.10, 12.60 cm as against 
25.70 cm; total plant length was 48.40, 41.70, 41.00, 42.50, 39.20, 37.30cm as against 
75.96cm; fresh shoot weight was 16.00, 13.71, 13.63, 13.68, 12.81, 11.60 gas against 
28.38 g; fresh root weight was 6.90, 5.94, 5.87, 5.92, 5.49, 5.00 g as against 12.55 g; 
total fresh weight was 22.90, 19.65, 19.50, 19.60, 18.30, 16.60 g as against 40.43g; 
dry shoot weight was 3.56, 2.90, 2.66, 3.15, 2.53, 2.22 g as against 7.50 g and dry root 
weight was 1.22, 0.98, 0.90, 1.07, 0.85, 0.75 g as against 2.57 g and total dry weight 
was 4.78, 3.88, 3.56, 4.22, 3.38, 2.57g as against 10.70 g in simultaneous inoculation 
of nematode inocula (500, 1000, 2000 larvae) with 1.00 and 2.00 g fungus {F. 
oxysporum f sp. ciceri) respectively over control. 
Reduction in growth parameters such as total plant length was 2.45, 19.30, 
28.65%, plant fresh weight 4.08, 24.26, 33.06% and plant dry weight 2.98, 32.67, 
40.71% in 500, 1000 and 2000 juveniles ofM incognita treated per plant respectively 
over control. Reduction in total plant length was 4.56, 24.96, 35.10%, total fresh 
weight 6.91, 32.42, 42.10% and total dry weight 11.22, 37.84, 48.66% in 0.50, 1.0 
and 2.00 g F. oxysporum f sp. ciceri inoculated plant respectively over control. 
Reduction in total plant length was 30.62, 35.52, 38.32%, total fresh weight 35.08, 
43.32, 46.25% and total dry weight 42.70, 50.15, 53.62% when test plant was 
inoculated by 0.50 g F. oxysporum f sp. ciceri with three inoculum levels (500, 1000 
and 2000 larvae) of M incognita respectively over control. Similarly, reduction in 
total plant length was 36.28, 45.10, 46.08, 44.05, 48.39, 50.90%, total fresh weight 
44.05, 51.99, 52.36, 52.11, 55.29, 59.94% and total dry weight 52.53, 61.47, 64.65, 
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58.09, 66.43, 70.51% in simultaneous inoculation of above nematode mocula with 
\ \ • ) 
1.00 and 2.00 gF. oxysporum f.sp. ciceri respectively over control. \ 
Total number of pods were observed 41.66, 30.33, 27.00 in 500, 100 and" 
larvae ofM incognita treated plants and 31.66, 27.66, 24.00 in 0.50, 1.00 and 2.00 g 
fungus {F. oxysporum f sp. ciceri) treated plants respectively as compared to 43.00 in 
uninoculated control. Pod yield was recorded 26.33, 23.66, 22.00 when test plant was 
inoculated by 0.50 g F. oxysporum f sp. ciceri with each inoculum levels (500, 1000 
and 2000 larvae) ofM incognita. Pod yield was observed 23.00, 18.00, 17.00, 20.66, 
16.00 and 14.33 in simultaneous inoculations of nematode inocula (500, 1000, and 
2000 larvae) with 1.00 and 2.00 g mycelial mat of F. oxysporum fsp. ciceri 
respectively as compared to 43.00 in unincoulated control. 
The number of pods were decreased by 3.120, 29.47, 37.21% in nematode 
500, 1000 and 2000 larvae inoculated plants and 10.09, 35.67, 44.19% in fungus 0.50, 
1.00 and 2.00 g inoculated plants respectively. Reduction in pod yield was 38.77, 
44.98, 48.84% when test plant was inoculataed by 0.50 g F. oxysporum fsp. ciceri 
with each inoculum 500, 1000, 2000 larvae levels o f M incognita. Pod yield was 
decreased by 46.51, 58.14, 60.47, 51.95, 62.79, 66.67% in concomitant inoculations 
of above nematode inocula with 1.00 and 2.00 g fungus respectively. 
Chlorophyll 'a' was 1.764, 1.370, 1.255 mg/g as against 1.859 mg/g; 
chlorophyll 'b' was 0.867, 0.542, 0.477 mg/g as against 0.932 mg/g and total 
chlorophyll contents were 2,631, 1.912, 1.732 mg/g as against 2.791 mg/g in 500, 
1000 and 2000 larvae o f M incognita inoculated plants respectively over control. 
Chlorophyll 'a' was 1.718, 1.242, 1.171 mg/g as against 1.859 mg/g; chlorophyll 'b' 
was 0.839, 0.524, 0.309 mg/g as against 0.932 mg/g and total chlorophyll content was 
2.557, 1.766, 1.480 mg/g as against 2.791 mg/g in the test plant inoculated with 
different inoculum levels (0.50, 1.00 and 2.00 g) ofF. oxysporum fsp. ciceri per plant 
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respectively over control. Chlorophyll 'a' was recorded 1.172, 1.163, 1.061 mg/g as 
against 1.859 mg/g; chlorophyll 'b' was 0.471, 0.307, 0.299 mg/g as against 0.932 
mg/g and total chlorophyll contents were 1.643, 1.470, 1.360 mg/g as against 2.791 
mg/g when plants were inoculated by 0.50 g F. oxysporum f.sp. ciceri with 500, 1000 
and 2000 juveniles ofM incognita. Chlorophyll 'a' was recorded 1.092, 0.984, 0.838, 
1.036, 0.887, 0.779 mg/g as against 1.859 mg/g; chlorophyU 'b' was 0.290, 0.121, 
0.210, 0.188, 0.089 , 0.079 mg/g as against 0.932 mg/g and total chlorophyll contents 
were 1.382, 1.105, 1.048, 1.224, 0.976, 0.858 mg/g in concomitant inoculations of 
above nematode inocula with 1.0 and 2.0 g fungus {F. oxysporum f.sp. ciceri) 
respectively. Total chlorophyll contents were reduced by 5.73, 31.49, 37.94% in 500, 
1000 and 2000 larvae of M incognita inoculated and 8.38, 36.73, 46.97% in 0.50, 
1.00 and 2.00 g F. oxysporum fsp. ciceri treated plants respectively as against the 
2.790 mg/g in uninoculated control. Reduction in total chlorophyll contents were 
41.13, 47.33, 51.27% when test plant was treated by 0.50 g F. oxysporum fsp. ciceri 
with 500, 1000 and 2000 juveniles of M incognita respectively. Similarly, reduction 
in total chlorophyll contents were 50.48, 60.41, 62.45, 56.14, 65.03, 69.26% in 
concomitant inoculations of above nematode inocula with 1.00 and 2.00 g fungus 
respectively as compared to 2.791 mg/g in uninoculated control. 
Number of nodules were observed 47, 42, 37 per root system in the test plant 
inoculated with different inoculum levels (500, 1000 and 2000) of M incognita and 
nodulation was 45, 39, 33 in 0.50, 1.00 and 2.00 g F. oxysporum fsp. ciceri 
inoculated plants respectively. Number of nodules were 36, 32 and 30 per root system 
when test plant was inoculated by 0.50 g F. oxysporum fsp. ciceri with 500, 1000 and 
2000 larvae of M incognita. Nodulation was observed 32, 25, 24, 27, 22 and 20 in 
simultaneous inoculation of above inocula of nematode with 1.00 and 2.00 g F. 
oxysporum fsp. ciceri respectively. 
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Fig, 8a. Effect of individual and concomitant inoculation of variable inoculum levels of Meloidogyne 
incognita and Fusarium oxysporum f sp. ciceri on dry weight and cWorophyll content of 
chickpea {Cicer arietinum var. Avrodhi) in the presence of Rhizobium. 
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Fig 8b. Effect of individual and coiKomitant inoculation of variable inoculum levels oiMeloidogyne 
incognita and Fusarium oxysporum f sp. ciceri (MI number of nodules per root system, 
nematode population and wilt-index of chickpea {Cicer arietinum var. Avrodhi) in the presence 
oiRhizobium. 
Total nematode population was recorded 7209, 10770, 12860 and the rate of 
nematode multiplication was 14.42, 10.77, 6.43 in 500, 1000 and 2000 larvae of M 
incognita inoculated plants respectively. Nematode population was 6310, 8860, 10670 
and rate of nematode multiplication was 12.62, 8.86 and 5.34 when test plant was 
inoculated by 0.50 g F. oxy^)orum f sp. ciceri with different inoculum (500, 1000 and 
2000 larvae) levels of M incognita. Total nematode population was 5440, 7500, 
9130, 4350, 6450, 7800 and rate of nematode multiplication was 10.88, 7.50, 4.57, 
8.70, 6.45 and 3.90 in simultaneous inoculation of above nematode inocula with 1.00 
and 2.00 g F. oxysporum f sp. ciceri respectively. 
Number of galls were 44, 84, 108 in 500, 1000 and 2000 larvae of M. 
incognita inoculated plants respectively. Number of galls were 56, 80 and 97 when 
test plant was inoculated by 0.50 g fungus with each inoculum levels (500, 1000 and 
2000) of M incognita. Number of galls were 42,66, 85, 29, 40 and 54 in simultaneous 
inoculation of above inocula of nematode with 1.00 and 2.00 g fungus (F. oxysporum 
f sp.c/ceri) respectively over control. 
Wilt- index was 1.40, 3.60, 3.90 in 0.50, 1.00 and 2.00 g F. oxysporum f sp. 
ciceri inoculated plants. Wilt-index was 3.80, 4.00 and 4.10 when chickpea plant was 
inoculared by 0.50g F. oxysporum Ispciceri with500, 1000, 2000 juveniles of M. 
incognita respectively. Similarly, the wilt-index was 4.00, 4.10, 4.30, 4.10, 4.25 and 
4.40 in simultaneous inoculation of above nematode inocula with 1.00 and 2.00 g of 
F.oxysporum f sp. ciceri respectively over control. 
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was 
as 
Table 9. Effect of individual and concomitant inoculation of variable inoculum 
levels of Af. incognita and R solani on plant growth, number of pods, chlorophyll 
content, nematode multiplication and root-rot index on chickpea (C arietinum) 
cv. Avrodhi in absence of Rhizobium. 
Results presented in Table 9a reveal that the shoot length was 41.40, 31.10, 
27.30 cm as against 42.30 cm; root length was 21.60, 16.90, 14.80 cm as against 
23.20 cm; total plant length was 63.00, 48.00, 42.10cm as agamst 65.50cm; fresh 
shoot weight was 23.82, 15.39, 13.80 g as against 23.95 g; fresh root weight was 9.90, 
6.71, 6.10 g as against 10.15 g; total fresh weight was 33.72, 22.10, 19.90g as against 
34. lOg; dry shoot weight was 6.10, 3.76, 3.33 g as against 6.24 g; dry root weight 
1.82, 1.16, 1.01 g as against 1.98g and total dry weight was 7.92, 5.92, 4.34g 
against 8.22g in 500, 1000 and 2000 juveniles of M incognita inoculated plants 
respectively over control. 
Shoot length of plant was 40.35, 30.00, 26.45 cm as against 42.30 cm; root 
length was 21.90, 16.30, 14.25 cm as against 23.20 cm; total length was 62.25, 46.30, 
40.70cm as against 65.50cm; fresh shoot weight was 22.60, 14.80, 13.40 g as against 
23.95 g; fresh root weight was 10.05, 6.50, 5.70 g as against 10.15 g; total fresh 
weight was 32.65, 21.30, 19.10g as against 34.10g; dry shoot weight was 5.90, 3.59, 
2.98 g as against 6.24 g; dry root weight was 1.76, 1.12, 0.91 g as against 1.98 g, total 
dry weight was 7.66, 4.77, 3.89g as against 8.22g in 0.50, 1.00 and 2.00 of/t solani 
inoculated per plant respectively over control. 
The shoot length of plant was 27.90, 25.95, 24 80 cm as against 42.30 cm; root 
length was 15.20, 13.95, 13.30 cm as against 22.20 cm; total plant length was 43.10, 
39.90, 38.10cm as against 65.50cm; fresh shoot weight was 13.86, 11.25, 11.64 g as 
against 23.95 g; fresh root weight was 6.04, 5.40, 5.16g as against I0.15g; total fresh 
weight was 19.90, 16.50, 16.80g as against 34.10g; dry shoot weight was 3.22, 2.98, 
80 
2.91 g as against 6.24 g; dry root weight was 1.02, 0.91, 0.83 g as against 1.98g and 
total dry weight was 4.24, 3.89, 3.74g as against 8.22g when 0.50 g R solani was 
inoculated with 500, 1000 and 2000 larvae ofM. incongita respectively over control. 
The shoot length of plant was 25.40, 22.65, 21.23, 23.46, 21.92, 20.15 cm as 
against 42.30 cm; root length was 13.60, 12.40, 11.42, 12.54, 11.10, 10.30 cfti as 
against 23.20 cm; total plant length was 39.00, 35.05, 32.65, 36.00, 33.03, 30.45cm as 
against 65.50cm; fresh shoot weight was 12.32, 10.67, 10.00, 10.69, 9.65, 8.70 g as 
against 23.50 g; fresh root weight was 5.44, 4.68, 4.42, 4.67, 4.00, 3.73 g as against 
10.15 g; total fresh weight was 17.76, 15.35, 14.42, 15.36, 13.65, 12.43g as against 
34. lOg; dry shoot weight was 2.78, 2.27, 2.14, 2.48, 1.97, 1.79 g as against 6.24 g; dry 
root weight was 0.85, 0.68, 0.64, 0.75, 0.59, 0.53 g as against 1.98 g and total dry 
weight was 3.63, 2.95, 2.78, 3.25, 2.56, 2.32g as against 8.22g in concomitant 
inoculation of above nematode inocula with 1.00 and 2.00 g K solani respectively 
over control. 
Reduction in total plant length was 3.82, 26.72, 35.73%; total plant fresh 
weight 1.11, 35.19, 41.64% and total dry weight 3.65, 40.15, 47.93% in 500, 1000 
and 2000 juveniles of M. incognita inoculated plants respectively over control. 
Reduction in growth parameters such as total plant length 4.96, 29.31, 37.86%, plant 
fresh weight 4.25, 37.54, 43.99% and plant dry weight 6.81, 42.82, 52.68% in 0.50, 
1.00 and 2.00 g K solani inoculated plants respectively. Reduction in total plant 
length was 34.20, 39.08, 41.83%; plant fresh weight 41.64, 51.64, 50.73% and plant 
dry weight 48.40, 52.68, 54.50% when test plant was inoculated by 0.50 g R. solani 
with 500, 1000 and 2000 juveniles of M incognita. Similarly, reduction in total plant 
length was 40.46, 46.49, 50.15, 45.04, 49.59, 55.51%; plant fresh weight 47.92, 
54.99, 57.71, 54.96, 59.97, 63.55% and plat dry weight 55.84, 64.11, 66.18, 60.71, 
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68.86, 71.78% in simultaneous inoculations of above nematode inocula with 1.00 and 
2.00 ofR solani respectively. 
Total number of pods were noticed 33.33, 21.33, 19.00 in 500, 1000 and 2000 
larvae ofM incognita inoculated plants and 32.00, 20.33, 17.66 in 0.50, 1.00 and 2.00 
g R. solani inoculated plants respectively. Total number of pods were 18.66, 19.00, 
17.33 when plants were inoculated by 0.50 g R. solani with 500, 1000 and 2000 
juveniles of M incognita respectively. Pod yield was recorded 16.33, 13.00, 12.66, 
14.66, 12.33 and 10.33 in concomitant inoculation of above nematode inocula with 
1.00 and 2.00 g R solani respectively as compared to 34.00 in uninoculated control. 
Pod yield was reduced by 1.97, 37.26, 44.12% in 500, 1000 and 2000 larvae of 
M incognita inoculated plants and 5.88, 40.21, 48.06% in 0.50, 1.00 and 2.00 g R 
solani inoculated plants respectively. Percent loss in pod yield was 44.12, 49.03 and 
52.94% when test plant was inoculated by 0.50 g R solani with 500, 1000 and 2000 
larvae of M incognita. Reduction in pod yield was 51.00, 61.76, 62.76, 55.88, 63.74 
and 69.62% in simultaneous inoculations of above nematode inocula with 1.00 and 
2.00 g /?. solani respectively. 
Chlorophyll 'a' was recorded 1.475, 1.117, 1.040 mg/g as against 1.598 mg/g; 
chlorophyll 'b' was 0.517, 0.247, 0.170 mg/g as against 0.633 mg/g in uninoculated 
control and total chlorophyll content was 1.992, 1.364, 1.210 mg/g in 500, 1000 and 
2000 larvae of M incognita inoculated plants respectively as against 2.231mg/g in 
uninoculated control. Chlorophyll 'a' was 1.478, 1.088, 0.851 mg/g as against 
1.598mg/g; chlorophyll 'b' was 0.519, 0.227, 0.218 mg/g as against 0.633mg/g and 
total chlorophyll content was 1.997, 1.315, 1.069 mg/g as against 2.231mg/g in 0.50, 
1.00 and 2.00 g R solani inoculated plants respectively. Chlorophyll 'a' was 1.018, 
0.849, 0.898 mg/g as against 1.598mg/g; chlorophyll 'b' was 0.194, 0.208, 0.098 
mg/g as against 0.633mg/g and total chlorophyll content was 1.212, 1.057, 0.996 
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mg/g when plants were inoculated by 0.50 g i t solani with 500, 1000 and 2000 
juveniles of M. incognita respectively as against the 2.231 mg/g in uninoculated 
control. Chlorophyll 'a' was 0.930, 0.740, 0.714, 0.833, 0.678, 0.580 mg/g as against 
1.598; chlorophyll 'b' was 0.090, 0.086, 0.082, 0.063, 0.061, 0.064 mg/g as against 
0.633mg/g and total chlorophyll contents were 1.002, 0.827, 0.797, 0.896, 0.739, 
0.645 mg/g in simultaneous inoculations of above inocula of nematode with 1.00 and 
2.00 g K solani respectively as against the 2.231 mg/g in uninoculated control. 
Reduction in total chlorophyU content was 10.71, 38.86, 45.76% in 500, 1000, 2000 
larvae ofM incognita inoculated plants and 10.49, 41.06, 52.08% in 0.50, 1.00 and 
2.00 g R. solani inoculated plants respectively. 
Total chlorophyll content was decreased by 45.67, 52.62 55.36% when plants 
were inoculated by 0.50 g it solani vAxh 500, 1000 and 2000 larvae of M incognita. 
Total chlorophyll content was reduced by 54.28, 62.98, 64.32, 59.84, 66.88 , 71.13% 
in simultaneous inoculations of nematode inocula with 1.00 and 2.00 g fungus {R. 
solani) respectively as compared to 
by 0.50 g K solani with 500, 1000 and 2000 juveniles of M incognita respectively. 
Nematode population was 8570,11725, 17000, 3340, 9920, 14190 and rate of 
nematode multiplication was 17.14, 11.73, 8.50, 14.68, 9.92 and 7.10 in simultaneous 
inoculations of above nematode inocula with 1.00 and 2.00 gR. solani respectively. 
Root galls were recorded 79, 105 and 127 in 500, 1000 and 2000 larvae of 
M. incognita inoculated plants respectively. Root galls were 72, 102 and 123 when 
plant was inoculated by 0.50 g /?. solani with 500, 1000 and 2000 larvae of M 
incognita respectively over control. Root galls were observed 59, 89, 97, 40, 55 and 
71 simultaneous inoculation of above nematode inocula with 1.00 and 2.00g R. solani 
respectively. 
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Fig. 9a. Effect of individual and concomitant inoculation of variable inoculum levels of Meloidogyne 
incognita and Rhizoctonia solani on dry weight and chlorophyll content of chickpea 
{Cicer arietinum var. Avrodhi) in the absence oi Rhizobium. 
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Fig, 9b. Effect of individual and concomitant inoculation of variable inoculum levels of Meloidogyne 
incognita and Rhizoctonia solani on nematode population and root-rot index of chickpea 
{Cicer arietinum var. Avrodhi) in the absence of Rhizobium. 
Number of galls were 79, 105, 127 in 500, 1000, 2000 larvae ofM incognita 
inoculated plants respectively. Root galls were 72,102 and 123 when plant was 
inoculated by 0.50g K solani with 500. 1000 and 2000 larvae of M .incognita 
resectively over control. Root galls were 59, 89, 97, 40, 55 and 71 in simuhaneous 
inoculations of above nematode inocula with 1.00 and 2.00 g R. solani respectively 
over control. 
Root-rot index was 3.25, 4.00 and 4.25 in 0.50, 1.00 and 2.00 of/?. solani 
inoculated plants. Root-rot index was observed 4.10, 4.30 and 4.20 when test plant 
was inoculataed by 0.50 g /?. solani with 500, 1000 and 2000 juveniles of M. 
incognita respectively. Similarly, the root-rot index was recorded 4.30, 4.40, 4.50, 
4.25, 4.40 and 4.50 in simultaneous inoculations of above inocula of nematode with 
1.00 and 2.00 of/?. solani respectively. 
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Table 10. Effect of individual and concomitant inoculation of variable inoculum 
levels of M incognita and R solani on plant growth, number of pods, chlorophyll 
contents, nodulation, nematode multiplication and root-rot index on chickpea (C 
ariednum) cv. Avrodhi in presence of Rhizobium. 
It is evident from the data presented in Table 10a that the shoot length of test 
plant was recorded 49.10, 40.60, 36.40 cm as against 50.26 cm; root length was 24.60, 
20.40, 18.60 cm as against 25.70 cm total plant length was 73.70, 61.00, 55.00cm as 
against 75.96cm; fresh shoot weight was 27.30, 21.65, 19.16 g as against 28.38 g; 
fresh root weight was 11.70, 9.60, 8.44 g as against 12.55 g; total fresh weight was 
39.00, 31.25, 27.60g as against 40.93g; dry shoot weight was 7.21, 5.13, 4.44 as 
against 7.50g; dry root weight was 2.54, 1.71, 1.49 g total dry weight was 9.75, 6.84, 
5.93g as against 10.07g in 500, 1000 and 2000 larvae of M incognita inoculated per 
plant respectively. Shoot length was 49.30, 39.20, 32.95 cm as against 50.26 cm; root 
length was 24.10, 19.90, 16.75 cm as against 25.70 cm; total plant length was 73.30, 
59.10, 49.70cm as against 75.96cm; fresh shoot weight was 28.16, 20.45, 17.56 g as 
against 28.30 g; fresh root weight was 12.10, 8.85, 7.60 g as against 12.55 g; total 
fresh weight was 40.26, 29.30, 25.16g as against 40.93g; dry shoot weight was 6.96, 
4.96, 3.88 g as against 7.50 g; dry root weight was 2.42, 1.76, 1.32 g as against 2.57g 
and total dry weight was 9.38, 6.72 and 5.20g as against 10.07g in 0.50, 1.00 and 2.00 
g K solani inoculated plants respectively. 
The shoot length of test plant was recorded 36.60, 33.60, 32.60 cm as against 
50.26 cm; root length was 18.40, 16.90, 16.40 cm as against 25.70 cm; total length 
was 55.00, 50.50, 49.00cm as against 75.96g; fresh shoot weight was 18.99, 17.04, 
16.55 g as against 28.38 g; fresh root weight was 8.36, 7.42, 7.35 g as against 12.55 g; 
total fresh weight was 27.35, 24.46, 23.90g as against 40.93; dry shoot weight was 
4.39, 3.96, 3.64 g as against 7.50 g; dry root weight was 1.52, 1.38, 1.29 g as against 
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2.57g and total dry weight was 9.91, 5.34, 4.93g as against 10.07g when 0.50 g K 
solani was inoculated with 500, 1000 and 2000 juveniles ofM incognita respectively. 
Shoot length of test plant was observed 33.95, 29.25, 29.40, 29.60, 28.30, 
27.75 cm as against 50.02 cm; root length was 17.15, 14.70, 14.30, 14.50, 13.80, 
13.30 cm as against 25.70 cm; total plant length was 51.10, 43.95, 43.70, 44.10, 
42.10, 41.05cm as against 75.96cm; fresh shoot weight was 16.90, 15.25, 15.09, 
14.58, 14.43, 13.45 g as against 28.38 g; fresh root weight was 7.25, 6.65, 6.51, 6.32, 
6.22, 5.65 g as against 12.55 g; total fresh weight was 24.25, 21.90, 21.60, 20.90, 
20.65, 19.10g as against 40.93g; dry shoot weight was 3.82, 3.31, 3.17, 3.42, 2.96, 
2.58 g as against 7.50 g; dry root weight was 1.33, 1.11, 1.07, 1.17, 1.01, 0.86 g as 
against 2.75g and total dry weight was 5.15, 4.42, 4.24, 4.59, 3.97, 3.44g as against 
10.07g in simultaneous inoculations of above nematode inocula with 1.00 and 2.00 g 
R. solani respectively as compared to 2.55 g in uninoculated control. 
Reduction in growth parameter such as total plant length was 2.98, 19.69, 
27.59%, plant fresh weight 4.72, 23.65, 32.57% and plant dry weight 3.18, 32.08, 
41.11% in 500, 1000 and 2000 juveniles of M incognita inoculated plants 
respectively. Reduction in total plant length was 3.50, 22.20, 34.57%; plant fresh 
weight 1.64, 28.41, 38.53% and plant dry weight 6.85, 33.25, 48.36% in 0.50, 1.0 and 
2.00 g K solani inoculated plants respectively. The percent loss in total plant length 
was 27.59, 33.52, 35.92%; plant fresh weight 33.18, 40.24, 41.61% and plant dry 
weight was 41.31, 46.97, 51.04% when plant was inoculated by 0.50 g R. solani with 
500, 1000 and 2000 larvae of M incognita respectively. Reduction in total plant 
length was 33.73, 42.14, 42.47, 41.94, 44.58, 45.96%; plant fresh weight was 41.00, 
46.49, 47.23, 48.94, 49.55, 53.33% and plant dry weight was 48.86, 56.11, 57.89, 
54.42, 60.58, 65.84% in simultaneous inoculations of above nematode inocula with 
1.00 and 2.00 ofi?. solani respectively. 
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The number of pods were 41.33, 30.66, 26.66 in 500, 1000 and 2000 juveniles 
of M incognita treated plants and 40.00, 29.00, 25.00 in R. solcmi(0.50, 1.00 and 
2.00g) inoculated plants respectively as against 43.00 in uninoculated control. Pod 
yield was observed 26.33, 24.33, 22.66 when 0.50 g R. solani was inoculated with 
500, 1000 and 2000 larvae of M incognita simultaneously. The total number of pods 
were recorded 24.00, 20.33, 19.00, 21.66, 17.66 and 16.00 in concomitant 
inoculations of above nematode inocula 500, 1000 and 2000 larvae ofM incognita 
with 1.00 and 2.00 g R. solani respectively as compared to 42.66 in uninoculated 
control. 
The pod yield was reduced by 3.88, 20.70 and 38.00% in 500, 1000 and 2000 
larvae ofM. incognita inoculated plants and 6.98, 32.56 and A\.%6% in 0.50, 1.00 and 
2.00 g R. solani inoculated plant respectively. Number of pods were decreased by 
38.77, 43.42 and 47.30% when plants were treated by 0.50 g R solani with 500, 1000 
and 2000 juveniles of M incognita. Reduction in pod yield was 44.19, 52.72, 55.58, 
49.63, 58.93 and 62.79% in simultaneous inoculations of above nematode inocula 
with 1.00 and 2.00 g R solani respectively. 
Chlorophyll 'a' was 1.767, 1.392, 1.261 mg/g as against 1.859mg/g; 
chlorophyll 'b' was 0.862, 0.547, 0.460 mg/g as against 0.932mg/g and total 
chlorophyll contents were 2.629, 1.939, 1.721 mg/g as against 2.791 mg/g in 500, 
1000 and 2000 juveniles of M incognita inoculated plants respectively over control. 
Chlorophyll 'a' was 1.810, 1.335, 1.263 mg/g as against 1.859mg/g; chlorophyll 'b' 
was 0.861, 0.527, 0.284 mg/g as against 0.932mg/g and total chlorophyll content was 
2.671, 1.862, 1.547 mg/g as against 2.791mg/g in 0.50, l.OQ and 2.00 g R. solani 
inoculated plants respectively over control. Chlorophyll 'a' was 1.202, 1.200, 1.140 
mg/g as against 1.859mg/g; chlorophyll 'b' was 0.495, 0.327, 0.272 mg/g as against 
0.932mg/g and total chlorophyll content was 1.697, 1.527, 1.412 mg/g as against 
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2.791mg/g when plants were inoculated by 0.50 g R. solani with 500, 1000, 2000 
juveniles ofM. incognita respectively over control. Chlorophyll 'a' was 1.189, 1.057, 
1.024, 1.032, 0.998, 0.895 mg/g as against 1.859mg/g; chlorophyll 'b' was 0.315, 
0.193, 0.166, 0.290, 0.144, 0.097 mg/g as against 0.932mg/g and total chlorophyll 
content was 1.504, 1.250, 1.190, 1.322, 1.142, 0.992 mg/g as against 2.791mg/g in 
simultaneous inoculations of above inocula of nematode with 1.00 and 2.00 g R. 
solani respectively over control. 
Reduction in total chlorophyll contents were 5.80, 30.53, 38.34% in 500, 1000 
and 2000 juveniles ofM incognita inoculated plants and 4.30, 33.29, 44.57% in 0.50, 
1.00 and 2.00 g K solani inoculated plants respectively over control. Total 
chlorophyll contents were decreased by 39.20, 45.29, 49.41% when 0.50 g R. solani 
was treated with 500, 1000 and 2000 juveniles ofM incognita. Reduction in total 
chlorophyll content was 46.11, 55.21, 57.36, 52.63, 59.08, 64.46% in simultaneous 
inoculations of above nematode inocula with 1.00 and 2.00 g R. solani respectively 
over control. 
Number of nodules were observed 47, 42,37 as against 62 per root system in 
the test plant inoculated with 500, 1000 and 2000 juveniles of A/, incognita and 
nodulation was 45, 40, 35 as against 62 in 0.50, 1.00 and 2.00 g R. solani inoculated 
plants respectively over control/ Number of nodules were 37, 34, 31 as against 62 
when test plant was inoculated by 0.50% R. solani with 500, 1000 and 2000 juveniles 
ofM incognita respectively over control. Nodulation was observed 32, 27, 25, 29, 23 
and 21 as against 21 in simultaneous inoculations of above nematode inocula with 
1.00 and 2.00 g R. solani respectively over control. 
Total nematode population was noticed 7217, 10770, 12860 and the rate of 
nematode multiplication was 14.43, 10.77 and 6.43 in 500, 1000 and 2000 juveniles 
ofM incognita inoculated plants. Nematode population was 6400, 8920, 10790 and 
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Fig. 10a. Effect of individual and concomitant inoculation of variable inoculum levels of Meloidogyne 
incognita and Rhizoctonia solani on dry weight and chlorophyll content of chickpea {Cicer 
arietinum var. Avrodhi) in the presence of Rhizobium. 
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Fig 10b. Effect of individual and concomitant inoculation of variable inoculum levels of Meloidogyne 
incognita and Rhizoctonia solani on number of nodules per root system, nematode population 
and root-rot index of chickpea (Cicer arietinum var. Avrodhi) in the presence oi Rhizobium. 
rate of nematode multiplication was 12.80, 8.92 and 5.40 when 0.50 g R. solani was 
inoculated with 500, 1000 and 2000 juveniles of M incognita. Total nematode 
population was 5550, 7600, 9240, 4440, 6560, 7890 and rate of nematode 
multiplication was 11.10, 7.60, 4.62, 8.88, 6.56 and 3.95 in simultaneous inoculations 
of above nematode inocula with 1.00 and 2.00 g R. solani respectively. 
Number of galls were observed 44, 84 and 108 per root system in 500, 1000 
and 2000 juveniles of M incognita inoculated plants. Number of root galls were 61, 
83, 101 when 0.50 g R. solani was treated with 500, 1000 and 2000 juveniles of M 
incognita respectively. Number of root galls were recorded 46, 68, 90, 33, 46 and 58 
in simultaneous inoculations of above nematode inocula with 1.00 and 2.00 g R 
solani respectively. 
Root-rot index was observed 2.00, 3.40, 3.70 in 0.50, 1.00 and 2.00 g/?. solani 
inoculated plants. Root-rot index was 3.60, 3.75, 3.90 when 0.50 g R solani was 
inoculated with different inoculum (500, 1000 and 2000 larvae) levels of M incognita 
respectively. Root-rot index was observed 3.90, 3.90, 4.00, 3.80, 4.00 and 4.10 in 
simultaneous inoculations of above inocula of nematode with 1.00 and 2.00 g R 
solani respectively. 
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Table 11. Effect of different inoculum levels of a biocontrol agent, Trichoderma 
harzianum with Meloidogyne inconigta^ Fusarium oxysporum f.sp. ciceri and K 
solani on plant growth, nematode multiplication, wilt and root-rot development 
on chickpea (Cicer arietinum) cv. Avrodhi in absence of Rhizobium. 
It is evident from Table 11 that the shoot length of test plant was recorded 
31.80, 32.10, 36.55, 38.40, 28.62, 31.10, 33.50, 35.40, 31.30, 31.10, 37.74, 38.36 cm 
as against 42.40 cm root length was 17.20, 17.80, 20.35, 21.20, 15.10, 17.20, 18.50, 
20.00, 16.65, 17.10, 19.56, 20.64 as against 23.24 cm; total plant length was 49.00, 
49.90, 56.90, 59.60, 43.72, 48.30, 52.00, 55.40, 47.95, 48.20, 55.30, 59.00 cm as 
against 65.64 cm; fresh soot weight was 15.90, 16.88, 19.20, 20.90, 14.76, 15.50, 
16.61, 17.10, 14.75, 15.98, 18.27, 19.94 g as against 24.10 g; fresh root weight was 
6.70, 7.42, 8.40, 9.10, 6.09, 6.90, 7.34, 7.60, 6.45, 7.02, 7.92, 8.76 g as against 10.46 
g; total fresh weight was 22.60,24.30,27.60, 30.00,20.85, 22.40,23.95,24.70,21.20, 
23.00, 26.19, 28.70 g as against 34.56 g; dry shoot weight was 4.01, 4.07, 4.79, 5.02, 
3.44, 3.72, 4.01, 4.21, 3.68, 3.90, 4.15, 4.77 g as against 6.32 g; dry root weight was 
1.18, 1.27, 1.48, 1.58, 1.12, 1.17, 1.26, 1.33, 1.18, 1.22, 1.34, 1.44 gas against 1.94 g 
and total dry weight was 5.19, 5.34, 6.27, 6.60, 4.56,4.89, 5.27, 5.54, 4.86, 5.12, 5.49 
,6.21 g as against 8.26 g in Mi 1000, Th 0.5 + Mi 1000, Th 1.0 + Mi 1000, Th 2.0 + 
Mi 1000, Foe (1.0 g), Th 0.5 + Foe 1.0, Th 1.0 + Foc 1.0, Th 2.0 + Foe 1.0, Rs (1.0 g), 
Th 0.5 + Rs. 1.0, Th 1.0 + Rs. 1.0 and Th 2.0 + Rs. 1.0 inoculated plants respectively 
over control. 
Total plant length was reduced by 23.35, 23.98, 13.32, 9.20, 33.39, 26.42, 
20.78, 15.60, 26.95, 26.57, 15.75, 10.12%, plant fresh weight 34.61, 29.69, 20.14, 
13.19, 39.67, 35.19, 30.70, 28.53, 38.66, 33.45, 24.22, 18.11% and plant dry weight 
37.17, 35.35, 24.09, 20.10, 44.79, 40.80, 36.20, 32.93, 41.16, 38.01, 33.54, 24.82% in 
MilOOO, ThO.5 + MilOOO, Thl.O + MilOOO, Th2.0 + MilOOO, Foc(l.Og), ThO.5 + 
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Focl.O, Th 1.0+Focl.O, Th2.0 + Focl.O, Rs(l.Og), ThO.5 + Rsl.O, Thl.O + Rsl.O and 
Th2.0 + Rsl.O inoculated plants respectively over control. 
Total number of pods were 21.66, 22.33, 27.66, 29.00, 18.66, 21.00, 22.33, 
23.66, 21.00, 21.66, 24.33 and 27.00 in the test plant inoculated with MilOOO, ThO.5 
+ MilOOO, Thl.O + MilOOO, Th2.0 + MilOOO, Foc(1.0g), ThO.5 + Focl.Og, Thl.O + 
Focl.O, ThO.2 + Focl.O, Rs(1.0g), ThO.5 + Rsl.O, Thl.O + Rs.l.O and Th2.0 + Rs.1.0 
respectively as against 34.33 in uninoculated control. Number of pods were reduced 
by 36.91, 34.95, 19.43, 15.53, 45.65, 38.83, 34.95, 31.08, 38.83, 36.91, 29.13 and 
21.35% in above given treatments respectively over control. 
The data presented in table lib reveal that chl 'a' was 1.144, 1.180, 1.236, 
1.319, 1.052, 1.142, 1.132, 1.209, 1.061, 1.142, 1.178, 1.248 mg/g as against 1.616 
mg/g; chlorophyU 'b' was 0.224, 0.277, 0.535, 0.533, 0.186, 1.219, 0.331, 0.324, 
0.258, 0.329, 0.393, 0.442 mg/g as against 0.640 mg/g and total chlorophyll content 
was 1.368, 1.457, 1.771, 1.852, 1.238, 1.361, 1/463, 1.533, 1.319, 1.471, 1.571, 1.690 
mg/g as against 2.256 mg/g in the test plant inoculated with MilOOO, ThO.5 + MilOOO, 
Th2.0 + MilOOO, Foc(1.0g), ThO.5 + Focl.O, Thl.O + Focl.O, Th2.0 + Focl.O, Rs(1.0 
g), ThO.5 + Rs.l.O, Thl.O + Rs.l.O and Th2.0 + Rsl.O respectively over control. Total 
chlorophyll content was reduced by 39.36, 35.42, 21.50, 17.91, 45.12, 39.67, 35.15, 
32.05, 41.53, 34.80, 30.36, 25.09% in above given treatments respectively over 
control. 
Total nematode population was 16616, 10567, 8330 and 6024 in MilOOO, 
ThO.5 + MilOOO, Thl.O + MilOOO and Th2.0 + MilOOO inoculated plants respectively. 
The rate of nematode multiplication was 16.62, 10.57, 8.33 and 6.02 in above given 
treatments respectively. 
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Fig. 11a. Effect of variable inoculum levels of biocontrol agent Trichoderma harzianum with Meloidogyne 
incognita, Fusarium oxysporum f. sp. ciceri and Rhizoctonia solani on dry weight and chlorophyll 
content of chickpea (Cicer arietinum var. Avrodhi) in the absence of Rhizobium. 
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Fig. l ib. EflFect of variable inoculum levels of biocontrol agent, Trichoderma harzianum with Meloidogyne 
incognita, Fusarium oxysporum f. sp. ciceri and Rhizoctonia solani on nematode population, 
wilt-index and root-rot index of chickpea (Cicer arietinum var. Avrodhi) in the absence of 
Rhizobium. 
Number of galls were recorded 105, 85, 59, and 47 in Mi 1000, ThO.5 + 
MilOOO, Thl.O + MilOOO and Th2.0 + MilOOO inoculated plants respectively over 
control. 
Wilt index was recorded 4.00, 3.30, 2.80, 2.30 and root-rot index was 3.90, 
2.30, 2.00 and 1.80 Foc(l.Og), ThO.5 + Focl.O, Thl.O + Focl.O, Th2.0 + Focl.O 
Rs(l.Og), ThO.5 + Rs.1.0, Thl.O + Rs.l.O and Th2.0 + Rs.1.0 inoculated plants 
respectively over control. 
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Table 12. Effect of diflerent inoculum levels of a biocontrol agent, Trichoderma 
hanianum with Meloidogyne incognita, Fusarium oxysporum f.sp. ciceri and 
Rhizoctonia solani on plant growth, nematode multiplication, wilt and root-rot 
development on chickpea {Cicer arietinum) cv. Avrodhi in presence ofRhizobium. 
Results presented in Table 12 reveal that the shoot length of the test plant was 
recorded 40.50, 40.30, 45.20, 46.70, 26.45, 38.40, 42.30, 44.30, 38.55, 39.50, 42.80, 
44.m cm as against 50.36 cm; root length was 20.20, 20.70, 23.00, 24.30, 18.85, 
19.60, 21.80, 22.30, 19.50, 20.40, 22.20, 23.00 cm as against 25.74 cm; total length 
was 60.70, 61.00, 68.20, 71.00, 55.30, 58.00, 64.10, 66.60, 58.05, 59.90, 67.00, 69.10 
cm as against 76.10 cm; fresh shoot weight was 20.90, 21.40, 23.91, 25.59, 18.00, 
19.32, 21.20, 23.88, 19.56, 19.98, 23.25, 24.97 g as against 28.67 g; fresh root weight 
was 9.10, 9.60, 10.69, 11.35, 8.10, 8.60, 9.50, 10.72, 8.64, 8.82, 10.15, 11.09 g as 
against 12.65 g; total fresh weight was 30.00, 31.00, 34.60, 36.94, 26.10, 27.921, 
30.70, 34.60, 28.20, 28.80, 33.40, 36.06 g as against 41.32 g; dry shoot weight was 
5.07, 5.27, 5.79, 5.95, 4.58, 4.65, 5.25, 5.88, 4.94, 5.01, 5.69, 5.87 g as against 7.42 g, 
dry root weight was 1.70, 1.80, 1.97, 2.02, 1.53, 1.60, 1.81, 2.01, 1.^ 6, 1.71, 1.92, 
1.95 g as against 2.49 g and total dry weight was 6.77, 7.07, 7.76, 7.97, 6.11, 6.25, 
7.06, 7.89, 6.60, 6.72, 7.61, 7.82 g as against 9.91 g in MilOOO, ThO.5 + MilOOO, 
Thl.O + MilOOO, Th2.0 + MilOOO, Foe (l.Og), ThO.5 + Focl.O, Thl.O + Focl.O, Th2.0 
+ Focl.O, Rs (l.Og), ThO.5 + Rs.l.O, Thl.O + Rs.1.0 and Th2.0 + Rsl.O inoculated 
plants respectively over control. 
Total plant length was reduced by 20.24, 19.84, 10.38, 6.70, 27.32, 23.78, 
15.77, 12.48, 23.72, 21.29, 11.96, 9.20% plant fresh weight 27.40, 24.98, 16.26, 
10.60, 36.83, 32.43, 25.70, 16.26, 31.75, 30.30, 19.17, 12.73% and plant dry weight 
31.69, 28.66, 21.70, 19.58, 3S.35, 36.92, 28.76, 20.38, 33.40, 32.19, 23.21,21.09% in 
MilOOO, ThO.5 + MilOOO, Thl.O + MilOOO, Th2.0 + MilOOO, Foc(1.0g), ThO.5 + 
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Focl.O, Thl.O + Focl.O, Th2.0 + Focl.O, Rs(1.0 g), ThO.5 + Rs.1.0, Thl.O + Rs.1.0 
and Th2.0 + Rs. 1.0 inoculated plants respectively over control. 
Total number of pods were recorded 30.33, 31.00, 36.00, 36.33, 26.66, 28.66, 
31.66, 35.00, 26.66, 29.00, 33.66 and 35.33 in the test plant inoculated with MilOOO, 
ThO.5 + MilOOO, Th2.0 + MilOOO, Th2.0 + MilOOO, Foc(l.Og), ThO.5 + Focl.O, 
Thl.O + Focl.O, Th2.0 + MilOO, Rs(l.Og), ThO.5 + Rs.1.0, Thl.O + Rs.1.0 and Th2.0 
+ Rsl.O respectively as against 43.00 in uninoculated control. Number of pods were 
reduced by 29.47, 27.91, 16.28, 15.51, 38.00, 33.35, 26.37, 18.60, 33.35, 32.56,21.72 
and 17.84% in above given treatments respectively over control. 
Results presented in table 12b indicate that chlorophyll 'a' was 1.354, 1.440, 
1.643, 1.705, 1.277, 1.293, 1.434, 1.624, 1.322, 1.356, 1.558, 1.570 mg/g as against 
1.875 mg/g; chlorophyll 'b' was 0.561, 0.591, 0.637, 0.594, 0.465, 0.538, 0.587, 
0.637, 0.527, 0.508, 0.643, 0.671 mg/g as against 0.948 mg/g and total chlorophyll 
content was 1.915, 2.031, 2.280, 2.299, 1.742, 1.831, 2.021, 2.261, 1.849, 1.864, 
2.021, 2.241 mg/g as against 2.823 mg/g in MilOOO, ThO.5 + MilOOO, Thl.O + 
MilOOO, Th2.0 + MilOOO, Foc(l.Og), ThO.5 + Focl.O, Thl.O + Focl.O, Th2.0 + 
Focl.O, Rs(1.0g), ThO.5 + Rsl.O, Thl.O + Rs.1.0 and Th2.0 + Rs.1.0 inoculated plants 
respectively over control. 32.16, 28.06, 19.23, 18.56, 38.29, 35.14, 28.41, 19.91, 
34.50, 33.97, 22.03 and 20.62% in above reduced total chlorophyll content given 
treatments respectively over control. 
Number of nodules were observed 40, 43, 48, 49, 35, 39, 39, 46, 36, 39, 42 
and 44 as against 60 in MilOOO, ThO.5 + MilOOO, TRhl.O + MilOOO, Th2.0 + 
MilOOO, Foe (l.Og), ThO.5 + Focl.O, Thl.O + Focl.O, Th2.0 + Focl.O, Rs (l.Og), 
ThO.5 + Rsl.O, Thl.O + Rsl.O and Th2.0 + Rs.1.0 inoculated plants respectively. 
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Fig. 12a. Effect of variable inoculum levels of biocontrol agent, Trichoderma harzianum wiihMeloidogyne 
incognita, Fusarium oxysporum f sp. ciceri and Rhizoctonia solani on dry weight and chlorophyll 
content of chickpea {Cicer arietinum var. Avrodhi) in the presence ofRhizobium. 
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Fig. 12b. Effect of variable inoculum levels of biocontrol agent, Trichoderma harzianum vfiih Meloidogyne 
incognita, Fusarium oxysporum f. sp. ciceri and Rhizoctonia solani on number of nodules per 
root system and nematode population of chiclq)ea {Cicer arietinum var. Avrodhi) in the presence 
oi Rhizobium. 
Total nematode population was 10590, 9020, 7575 and 5780 in MilOOO, ThO.6 
+ MilOOO, Thl.O + MilOOO and Th2.0 + MilOOO inoculated plants respectively. Rate 
of nematode multiplication was 10.59, 9.02, 7.58 and 5.80 in above given treatments 
respectively over control. 
Number of galls were observed 83, 65, 50 and 41 per root system in MilOOO, 
ThO.5 + MilOOO, Thl.O MilOOO and Th2.0 + MilOOO inoculated plants respectively 
over control. 
Wilt index was 3.70, 3.10, 2.00, 1.90 and root-rot index was 3.70, 2.00, 1.80, 
1.50 in Focl.O, ThO.5 + Focl.O, Thl.O + Focl.O + Th2.0 + Focl.O, RsI.O, ThO.5 + 
Rs. 1.0, Thl.0 + Rs. 1.0 and th2.0 + Rs. 1.0 inoculated plants respectively over control. 
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Table 13a.l Effect of individual and simultaneous inoculation of Trichoderma 
hanlanum, Mdoidogyne incognita and Fusarium oxysporum f.sp. ciceri on plant 
growth of chickpea {Gcer arietinum) cv. Avrodhi in absence of Rhizobium. 
It is evident from the Table 13a. 1 that both pathogens (M incognita and F. 
oxysporum f.sp. ciceri) reduced the plant growth parameters when inoculated alone or 
in combination. 
The shoot length was recorded 45.05, 31.94, 27.98, 21.84, 38.20, 35.74, 27.62 
cm as against 42.45 cm; root length was 24.65, 17.32, 15.02, 11.92, 20.95, 19.56, 
15.10 cm as against 23.25 cm; total plant length was 69.70, 49.26 43.00, 33.76, 59.19, 
55.30, 42.72 cm as against 65.70 cm; fresh shoot weight was 26.33, 15.73, 13.43, 
9.60, 20.93, 17.70, 13.98 g as against 24.22 g; fresh root weight was 11.42, 6.85, 5.87, 
4.16, 9.07, 7.62, 5.92 g as against 10.50 g; total fresh weight was 37.75, 22.58, 19.30, 
13.76, 30.00, 25.34, 19.90 g as against 34.72 g; dry shoot weight was 7.18, 3.98, 3.34, 
2.03, 4.92, 4.22, 3.08 g as against 6.29 g and dry root weight was 2.14, 1.17, 1.00, 
0.60, 1.46, 1.26, 0.91 g as against 1.86 and total dry weight was 9.32, 5.15,4.34,2.63, 
6.38, 5.48, 3.99 g as agauist 8.15 g in Trichoderma harzianum(Th), Meloidogyne 
incognita(Mi), Fusrium oxysporum f.sp. ciceri(Foc), M. incognita + F. oxysporum 
f sp. ciceri(Mi+¥oc) , M incognita + T. harzianum(Mi+Th), F. oxysporum f. sp. 
ciceri + T. harzianum(Foc+Th) and M incognita + F oxysporum f.sp .ciceri+ T. 
harzianumQiS+Foc+Th) inoculated plants respectively over control. 
Total plant length was increased by 6.09%, plant fresh weight 8.73% and plant 
dry weight 14.36% in individual inoculation of 71 harzianum over control. Reduction 
in total plant length was 25.02, 34.55, 48.61, 9.97, 15.83, 34.98; plant fresh weight 
34.97, 44.41, 60.37, 13.59, 27.02, 42.68% and plant dry weight 37.18, 46.75, 67.73, 
21.72, 32.76, 51.04% in Th, Mi, Foe, Mi + Foe, Mi + Th, Foe + Th, and Mi + Foe + 
Th, inoculated plants respectively over control. 
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Fig. 13.a.l Effect of individual and simultaneous inoculation oi Trichoderma harzianum, Meloidogyne 
incognita and Fusarium oxysporum f sp. ciceri on dry weight and chlorophyll content of 
chickpea {Cicer arietinum var. Avrodhi) in the absence of Rhizobium. 
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Fig. 13 b. 1 Effect of individual and simultaneous inoculation of Trichoderma harzianum, Meloidogyne 
incognita and Fusarium oxysporum f sp. ciceri on nematode populaticm and wilt-index of 
chickpea {deer arietinum var. Avrodhi) in the absence of Rhizobium. 
Total number of pods were recorded by 37.00, 21.66, 18.00, 12.00, 27.33, 
25.66, 19.00, in the test plant inoculated with Th, Mi, Foe, Mi + Foe, Mi + Th, Foe + 
Th, Mi + Foe + Th respectively as against 34.00 in uninoculated control. Pod yield 
was increased by 8.82% and decreased by 36.29, 42.06, 67.41, 19.62, 24.53 and 
44.12% in Th, Mi, Foe, Mi + Foe, Mi + Th, Foe + Th and Mi + Foe + Th inoculated 
plants respectively over control. 
The data presented in table 13.b.l revealed that chlorophyll 'a' was recorded 
1.197, 1.002, 0.827, 0.552, 1.300, 1.101, 0.905 mg/g as against 1.615 mg/g; 
chlorophyU 'b' was 0.724, 0.404, 0.328, 0.198, 0.527, 0.421, 0.356 mg/g as against 
0.645 mg/g and total chlorophyll contents were 2.516, 1.406, 1.155, 0.750, 1.827, 
1.522, 1.261 mg/g as against 2.260 mg/g in the test plant inoculated with Th, NC, Foe, 
Mi + Foe, Mi + Th, Foe + Th and Mi + Foe + Th respectively over control. 
Total chlorophyll contents were increased by 11.33% and decreased by 37.79, 
48.89, 66.81, 19.16, 32.65, 44.20% in above given treatments respectively over 
control. 
Total nematode population was recorded 16440, 11600, 8260, 7320 and rate of 
nematode multiplication (Rf) was 16.44, 11.60, 8.26, and 7.32 in Mi, Mi + Foe, Mi + 
Th and Mi + Foe + Th inoculated plants respectively. 
Number of galls where recorded 104, 85, 54, 51 per root system in the test 
plant inoculated with Mi, Mi + Foe, Mi + Th and Mi + Foe + Th respectively. 
Wilt index was observed by 4.20, 4.85, 2.90 and 3.70 in Foe, Mi+Foc, 
Foc+Th, Mi+Foc+Th inoculated plants over control. 
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Table 13.a.2 Effect of necm cake and Trichoderma harzianum on plant growth of 
chickpea (Cicer arietinum) var. Avrodhi inoculated with Meloidogyne incognita 
and Fusarium oxysporum f.sp. ciceri in the absence of Rhizobium. 
Result presented in Table 13.a.2 revealed that the shoot length of the test plant 
was recorded 56.18, 58.40, 49.70, 48.40, 45.05, 54.80, 52.50, 49.20 cm as against 
42.45 cm; root length was 29.60, 31.00, 26.30, 25.70, 23.75, 28.96, 27.60, 26.00 cm 
as against 23.25 cm; and total length was 85.78, 89.40, 76.00, 74.10, 68.80, 83.76, 
80.10, 75.20 cm as against 65.70 cm; jfresh shoot weight was 33.68, 35.60, 28.68, 
27.59, 24.06, 31.65, 30.18, 28.08 g as against 24.22 g; fresh root weight was 15.22, 
16.10, 13.00, 12.51, 10.94, 14.39, 13.72, 12.78 gas against 10.50 g; total fresh weight 
was 48.90, 51.70, 41.68, 40.10, 35.00, 46.04, 43.90, 40.86 g as against 34.72 g; dry 
shoot weight was 9.42, 9.76, 7.55, 7.23, 6.20, 8.57, 7.83 and , g as against 6.29 g and 
dry root weight was 2.90, 3.00, 2.35, 2.27, 1.92, 2.64, 2.44, 2.31 g as against 1.86 g; 
total dry weight was 12.32, 12.76, 9.90, 9.50, 8.16, 11.21, 10.27, 9.84 g as against 
8.15 g in NC(neem cake), NC + Th, NC + Mi, NC + Foe, NC + Mi + Foe, NC + Mi + 
Th, NC + Foe + Th and NC + Mi + Foe + Th inoculated plants respectively over 
control. 
Total plant length was increased by 30.56, 37.07, 15.68, 12.79, 4.72, 27.49, 
21.92, 14.46%, plant fresh weight 40.84, 48.91, 20.05, 15.50, 0.81, 32.60, 26.44, 
17.68 and plant dry weight 51.17, 56.56, 21.47, 16.56, 0.12, 37.55, 26.01, 20.74% in 
NC, NC + Th, NC + Mi, NC + Foe, NC + Mi + Foe, NC + Mi + Th, NC + Foe + Th, 
NC + Mi + Foe + Th inoculated plant respectively over control. 
Pod yield was recorded 49.33, 51.66, 42.00, 40.66, 36.33, 46.00, 43.33 and 
41.66 in NC, NC + Th, NC + Mi, NC + Foe, NC + Mi + Foe, NC + Mi + Th, NC + 
Foe +Th, NC + Mi + Foe + Th respectively as against 34.00 in uninoculated control. 
Pod yield was increased by 45.09, 51.94, 23.93, 19.95, 6.85, 35.29, 27.44 and 22.53% 
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Fig. 13.a.2 Effect of neem seed cake and Trichoderma harzianum, on diy weight and chlorophyU 
content of chickpea (Cicer arietinum var. Avrodhi) inoculated Wiih Meloidogyne incognita 
and Fusarium oxysporum f. sp. ciceri in tfie absence of Rhizobium. 
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Treatment 
Fig. 13.b.2 Effect of neem seed cake and Trichoderma harzianum, on nematode population and 
wilt-index of chickpea {Cicer arietinum var. Avrodhi) inoculated with Meloidogyne incognita 
and Fusarium oxysporum i. sp. ciceri in the absence oi Rhizobium. 
in NC, NC +Th, NC + JVC, NC + Foe, NC + Mi + Foe, NC + Mi + Th, NC + Foe + 
Th, NC + Mi + Foe + Th inoculated plant respectively over control. 
Results presented in table 13.b.2 indicated that chlorophyll 'a' was 2.216, 
2.231, 1.839, 1.788, 1.644, 2.013, 1.869, 1.839 mg/g as against 1.615 mg/g; 
chlorophyU 'b' was 1.080, 1.150, 0.904, 0.853, 0.643, 1.050, 0.922, 0.834 mg/g as 
against 0.645 mg/g and total chlorophyll contents were 3.296, 3.471, 2.743, 2.641, 
2.287, 3.063, 2.791, 2.673 mg/g as against 2.260 mg/g m NC, NC + Th, NC + Mi, NC 
+ Foe, NC + Mi + Foe, NC + Mi + Th, NC + Foe + Th, and NC + Mi + Foe + Th 
inoculated plants respectively over control. 
Total chlorophyll contents were increased by 45.84, 53.58, 21.37, 16.86, 1.19, 
35.53, 23.50 and 18.27% in NC, NC + Th, NC + Mi, NC + Foe, NC + Mi + Foe, Nc + 
Mi + Th, Nc + Mi + Foe + Th inoculated plants respectively over control. 
Total nematode population was recorded 3050, 2344, 1284 and 1240 in NC+ 
Mi, NC + Mi + Foe, NC + Mi + Th, NC + Mi + Foe + Th inoculated plants 
respectively. Rate of nematode multiplication (Rf) was recorded 3.05, 2.34, 1.28, 1.24 
in above give treatments respectively over control. 
Number of galls were observed 19, 15, 9 and 9 in NC + Mi, NC + Mi + Foe, 
NC + Mi + Th and NC + Mi + Foe + Th inoculated plants respectively over control. 
Wilt-index was observed 1.60, 2.30, 0.60 and 1.70 in NC + Foe, NC + Mi + 
Foe, NC + Foe + Th and NC + Mi + Foe + Th inoculated plants respectively over 
control. 
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Table 13.a.3 Effect of castor cake and Trichoderma harzianum on plant growth of 
chickpea {Cicer arietinum var. Avarodhi) inoculated with Meloidogyne incognita 
and Fusarium axysporum f.sp. ciceri in the absence of Rhizobium 
The data given in Table 13.a.3 indicate that the shoot length was recorded 
54.95, 56.90, 47.60, 47.20, 43.35, 52.50, 50.30, 47.60 cm as against 42.45 cm; root 
length was 29.00, 30.45, 25.30, 20.90, 27.85, 26.70, 25.70 cm as against 23.25 cm; 
total length was 83.95, 87.35, 72.90, 72.40, 64.25, 80.35, 77.00, 72.90 cm as against 
65.70 cm; fresh shoot weight was 33.05, 34.91, 27.55, 26.83, 22.73, 30.85, 29.24, 
27.05gm as against 24.22 g; fresh root weight was 14.95, 15.79, 12.65, 12.32, 10.37, 
14.05, 13.34,, 12.29 g as against 10.50 g; total fresh weight was 48.00, 50.70, 40.20, 
39.15, 33.10, 44.90, 42058, 39.34 g as against 34.72 g ; dry shoot weight was 9.11, 
9.50, 7.26, 7.01, 5.75, 8.31, 7.62, 7.05 g as against 6.29 g and dry root weight was 
2.78, 2.91, 2.22, 2.14, 1.77, 2.55, 2.28, 2.15 g as against 1.86 g and total dry weight 
was 1.89, 12.41, 9.48, 9.15, 7.52, 10.86, 9.90, 920 g as against 8.15 g in CC(castor 
cake), CC + Th, CC + Mi, CC + Foe, CC + Mi + Foe, CC + Mi + Th, CC + Foe + Th 
and CC + Mi + Foe + Th inoculated plants respectively over control. 
The plant growth parameters such as total plant length was increased by 27.78, 
32.95, 10.96, 10.20, 22.30, 17.20, 10.96%, plant fresh weight 38.25, 46.03, 15.78, 
12.76, 29.32, 22.64, 13.31% and plant dry weight 45.89, 52.27, 16.32, 12.27, 33.25, 
21.47 and 12.88% in CC, CC +Th, CC + Mi, CC + Foe, CC + Mi + Th, CC + Foe + 
Th, CC + Mi + Foe + Th inoculated plants respectively over control and total plant 
length decreased by 2.21; plant fresh weight 4.61 and plant dry weight 7.73% in CC + 
Mi + Foe inoculated plant over control. 
Total number of pods were observed 48.33, 50.33, 40.33, 38.66, 35.00, 45.00, 
42.00 and 40.00 in CC, CC + Th, CC + Mi, CC + Foe, CC + Mi + Foe, CC + Mi + 
Th, CC + Foe + Th, CC + Mi + Foe + Th inoculated plants respectively as against 
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Fig. 13.a.3 Effect of castor seed cake and Trichoderma harzianum on dry wei^t and chlorophyll 
content of chickpea {Cicer ahetinum var. Avrodhi) inoculated wiih Meloidogyne incognita 
and Fusarium oxysporum f sp. ciceri in the absence of Rhizobium. 
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Fig. 13.b.3 Effect of castor seed cake and Trichoderma harzianum on nematode population and 
wilt-index of chickpea {Cicer arietinum var. Avrodhi) inoculated wiihMeloidogyne incognita 
and Fusarium oxysporum f. sp. ciceri in the absence of Rhizobium. 
34.00 in uninoculated control. Pod yield was increased by 42.15, 48.03, 18.62, 13.71, 
2.94, 32.35, 23.53 and 17.65% in above given treatments respectively over control. 
It is clear from data presented in table 13.b.3 that chlorophyll 'a' was noticed 
2.204, 2.304, 1.842, 1.748, 1.581, 1.966, 1.842, 1.745 mg/g as against 1.615 mg/g; 
chlorophyU 'b' was 1.046, 1.103, 0.824, 0.789, 0.638, 1.048, 0.846, 0.785 mg/g as 
against 0.645 mg/g and total chlorophyll content were 3.250, 3.407, 2.666, 2.537, 
2.219, 3.014, 2.688, 2.530 mg/g as against 2.260 mg/g in the test plant inoculated with 
CC, CC + Th, CC + Mi, CC + Foe, CC + Mi + Foe, CC + Mi + Th, CC + Foe + Th, 
CC + Mi + Foe + Th respectively over control. 
Total chlorophyll contents were increased by 43.81, 50.75, 17.96, 12.26, 
33.36, 18.94, 11.95% and decreased by 1.81% in CC + Th, CC + Mi, CC + Foe, CC + 
Mi + Th, CC + Foe + Th, CC + Mi + Foe + Th and CC + Mi + Foe inoculated plants 
respectively over control. 
Total nematode population was recorded 3330, 2466, 1358 and 1176 and rate 
of nematode multiplication (R£) was 3.33, 2.47, 1.36 and 1.18 in CC + Mi, CC + Mi + 
Foe, CC + Mi + Th and CC + Mi + Foe + Th inoculated plants respectively. 
Total number of galls were observed 21, 16, 10 and 9 per root system in the 
test plant inoculated with CC + Mi, CC + Mi + Foe, CC + Mi + Th and CC + Mi + 
Foe + Th respectively. 
Wilt index was observed by 1.80, 2.50, 0.80 and 1.90 in CC + Foe, CC + Mi + 
Foe, CC + Foe + Th and CC + JVC + Foe + Th inoculated plants over control. 
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Table 13.a.4 Effect of Piludi cake and Trichoderma harzianum on plant growth of 
chickpea (Cicer arietinum) cv. Avrodhi inoculated with Meloidogyne incognita 
and Fusarium oxysporum f.sp. ciceri in the absence of Rhizobium 
It is evident from the Table 13a.4 that the shoot length of the test plant was 
recorded 2.95, 54.80, 44.35, 44.00, 39.40, 50.90, 47.45, 44.35 cm as against 42.45 
cm; root length was 27.95, 29.30, 23.60, 23.50, 20.90, 26.95, 25.35, 23.50 cm as 
against 23.25 cm; total length was 80.90, 84.10, 67.95, 60.30, 77.85, 2.80, 67.85 cm 
as against 65.70 cm; fresh shoot weight was 31.21, 33.12, 25.08, 24.14, 20.16, 29.22, 
27.52, 29.99 g as against 24.22 g; fresh root weight was 14.11, 15.00, 11.48, 11.00m, 
9.24, 13.20, 12.39, 11.31 g as against 10.50 g; total fresh weight was 45.32, 48.12, 
36.56, 35.14, 29.40, 42.42, 39.91, 41.30 g as against 34.72 g; dry shoot weight was 
8.63, 9.09, 6.54, 6.08, 5.07, 7.74, 7.13, 6.40 g as against 6.29 g and dry root weight 
was 2.64, 2.79, 2.01, 1.87, 1.56, 2.38, 2.19, 1.98 g as against 1.86 g and total dry 
weight was 11.27, 11.88, 8.55, 7.95, 6.63, 10.12, 9.32, 8.38 g as against 8.15g in 
PC(piludi cake), PC + Th, PC + Mi, PC + Foe, PC + Mi + Foe, PC + Mi + Th, PC + 
Foe + Th and PC + Mi + Foe + Th inoculated plants respectively over control. 
Total plant length was increased by 23.14, 28.01, 3.42, 2.74, 18.49, 10.81 and 
3.27%; plant fresh weight 30.53, 38.59, 5.30, 1.21, 22.18, 14.95, 18.95% in PC, PC + 
Th, PC + Mi, PC + Foe, PC + Mi + T, PC + Foe + Th and Pc + Mi + Foe + Th 
inoculated plants over control. Plant dry weight was increased by 38.28, 45.77, 4.91, 
24.17, 14.36, 2.82% and decreased by 2.45 and 18.65% in PC + Foe and PC + Mi + 
Foe inoculated plants respectively over control. 
Total number of pods were observed 46.66, 48.33, 38.00, 35.33, 31.33, 43.00, 
40.00 and 37.00 in the test plant inoculated with PC, PC + Th, PC + Mi, PC + Foe, PC 
+ Mi + Foe, PC + Mi + Th, PC + Foe + Th and PC + Mi + Foe + Th respectively as 
against 34.00 in uninoeulated control. Pod yield was increased by 37.24, 42.16, 11.76, 
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Fig. 13.a.4 Effect of piludi seed cake and Trichoderma harzianum cm dry weight and chlorophyll 
content of chickpea {Cicer arietinum var. Avrodhi) inoculated with Meloidogyne incognita 
and Fusarium oxysporum f sp. ciceri in the absence oiRhizobium. 
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Fig. 13.b.4 Effect of piludi seed cake and Thchoderma harzianum on nematode population and 
wilt-index of chickpea (Cicer arietinum var. Avrodhi) inoculated withMeloidogyne incognita 
and Fusarium oxysporum f sp. ciceri in the absence of Rhizobium. 
3.91, 26.47, 17.65 and 8.82% and decreased by 7.85% in PC, PC + Th, PC + Mi, PC 
+ Foe, PC + Mi + Th, PC + Foe + Th, PC + Mi + Foe + Th and PC + Mi + Foe 
inoeulated plants respectively over control. 
The data presented in table 13b.4 revealed that chlorophyll 'a' was recorded 
2.050, 2.182, 1.707, 1.685, 1.435, 1.901, 0.648, 1.740 mg/g as against 1.615 mg/g; 
chlorophyll 'b' was 1.085, 1.091, 0.758, 0.606, 0.588, 0.934, 0.779, 0.662 mg/g as 
against 0.546 mg/g and total chlorophyll contents were 3.135, 3.273, 2.465, 2.291, 
1.993, 2.835, 2.427, 2.402 mg/g as against 2.260 mg/g in PC, PC + Th, PC + Mi, PC 
+ Foe, PC + Mi + Foe, PC + Mi + Th, PC + Foe + Th and PC + Mi + Foe + Th 
inoculated plants respectively. Total chlorophyll contents were increased by 38.72, 
44.82, 9.07, 1.37, 25.44, 7.40, 6.28% and decreased by 11.81% in PC, PC + Th, PC + 
M, PC + Foe, PC + Mi + Th, PC + Foe + Th, PC + Mi + Foe + Th and PC + Mi + 
Foe inoculated plants respectively over control. 
Total nematode population was recorded 4162, 2870, 1740 and 1510 in PC + 
Mi, PC + Mi + Foe, PC + Mi + Th and PC + Mi + Foe + Th inoeulated plants 
respectively over control and the rate of nematode multiplication (Rf) was 4.16, 2.87, 
1.74 and 1.51 in above given treatments respectively. 
Number of galls were observed 25, 19, 12 and 11 per root system in PC+Mi, 
PC + Mi + Foe, PC + Mi + Th and PC + Mi + Foe + Th inoculated plants 
respectively. 
Wilt index was observed 2.75, 3.00, 1.10 and 2.40 in PC + Foe, PC + Mi + 
Foe, PC + Foe + Th and PC + Mi + Foe + Th inoculated plants respectively over 
control. 
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Table 13a.5 Effect of sunflower seed cake and Trichodernta hanianum on plant 
growth of chiclqiea {Gcer areitinum) cv. Avrodhi inoculated with Meloidogyne 
incognita and Fusarium axysporum f.sp. ciceri in the absence ofRhizobium 
It is cleared from the results given in Table 13a.5 that the shoot length was 
recorded 52.15, 54.00, 43.35, 42.70, 38.00, 50.20, 46.80, 42.80 cm as against 42.45 
cm; root length was 27.55, 28.65, 22.95, 22.60, 20.10, 26.50, 24.80, 22.70 cm as 
against 23.25 cm; total plant length was 79.70, 82.65, 66.30, 65.30, 58.10, 76.70, 
71.60, 65.50 cm as against 65.70 cm; fresh shoot weight was 30.35, 32.24, 24.18, 
23.25, 18.91, 28.15, 26.22, 23.70 g as against 24.22 g; fresh root weight was 13.70, 
14.56, 10.92, 10.49, 8.53, 12.75, 11.84, 10.70 g as against 10.50 g; total fresh weight 
was 44.05, 46.80, 35.10, 33.74, 27.44, 40.90, 38.06, 34.40 g as against 34.72 g; dry 
shoot weight was 8.37, 8.77, 6.33, 5.79, 4.62, 7.44, 6.77, 5.96 g as against 6.29 g and 
dry root weight was 2.55, 2.69, 1.93, 1.77, 1.41, 2.27, 2.07, 1.82 g as against 1.86 g 
and total dry weight was 10.92, 11.46, 8.26, 7.56, 6.03, 9.71, 8.84, 7.78 g as against 
8.15g in SC(sunflower cake), SC + Th, SC + Mi, SC + Foe, SC + Mi + Foe, SC + Mi 
+ Th, SC + Foe + Th and SC + Mi + Foe + Th inoculated plants respectively over 
control. 
The plant growth parameters such as total plant length was increased by 21.31, 
25.80, 0.91, 16.74, 8.98%; plant fresh weight 26.87, 34.79, 1.09, 17.80, 9.62% and 
plant dry weight 33.99, 40.61, 1.35, 19.14, 8.47% in SC, SC + Th, SC + Mi, SC + Mi 
+ Th and SC + Foe + Th inoculated plants over control. Total plant length was 
reduced by 0.61, 11.57, 0.30%, plant fresh weight 2.82, 20.97, 0.92% and plant dry 
weight 7.24, 26.01 and 4.54% in SC + Foe, SC + Mi + Foe and SC + Mi + Foe + Th 
inoculated plants respectively over control. 
Total number of pods were recorded 45.66, 47.33, 35.66, 33.66, 29.66, 41.33, 
37.66, 35.33 in SC, SC + Th, SC + Mi, SC + Foe, SC + Mi + Foe, SC + Mi + Th, SC 
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Fig. 14.a.) Effect of individual and simultaneous inoculation of Trichoderma harzianum, Meloidogyne 
incognita and Fusarium oxysporum f sp. ciceri on dry weight and chlorophyll content of 
chickpea (Cicer arietinum var. Avrodhi) in the presence of Rhizobium. 
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Fig. 13.a.5 Effect of sunflower seed cake and Trichoderma harzianum on dry weight and chlorophyll 
content of chickpea (Cicer arietinum var. Avrodhi) inoculated wiihMeloidogyne incognita 
and Fusarium oxysporum f sp. ciceri in the absence oiRhizobium. 
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Fig. 13.b.5 Effect of sunflower seed cake and Trichoderma harzianum on nanatode population and 
wilt-index of chickpea {Cicer arietinum var. Avrodhi) inoculated with Meloidogyne incognita 
and Fusarium oxysporum f sp. ciceri in the absence oi Rhizobium. 
+ Foe + Th and SC + Mi + Foe + Th inoculated plants respectively as against 34.00 in 
uninoculated control. Number of pods were increased by 34.29, 39.21, 4.88, 21.56, 
10.76, 3.91% and decreased by 1.00, 12.76% in SC, SC + Th, SC + Mi, SC + Mi + 
Th, SC + Foe + Th, SC + Mi + Foe + Th, SC + Foe and SC + Mi + Foe inoculated 
plants respectively over control. 
It is evident from the data presented in table 13b.5 that chlorophyll 'a' was 
noted 1.993, 2.131, 1.674, 1.572, 1.355, 1.859, 1.676, 1.696 mg/g as against 1.615 
mg/g; chlorophyll 'b' was 1.079, 1.068, 0.663, 0.637, 0.498, 0.879, 0.763, 0.596 mg/g 
as against 0.645 mg/g and total chlorophyll contents were 3.072, 3.199, 2.337, 2.209, 
1.853, 2.738, 2.439, 2.291 mg/g as against 2.260 mg/g in SC, SC + Th, SC + Mi, SC 
+ Foe, SC + Mi + Foe, SC + Mi + Th, SC + Foe + Th and SC + Mi + Foe + Th 
inoculated plants respectively over control. Total chlorophyll contents were increased 
by 35.93, 41.55, 3.41, 21.15, 7.92, 1.37% and decreased by 2.26, 10.01% in SC, SC + 
Th, SC + Mi, SC + Mi + Th, SC + Foe + Th, SC + Mi + Foe + Th, SC + Foe and SC + 
Mi + Foe inoculated plants respectively over control. 
Total nematode population was recorded 4450, 3010, 1854 and 1660 in SC + 
Mi, SC + Mi + Foe, SC + Mi + Th and SC + Mi + Foe + Th inoculated plants 
respectively. The rate of nematode multiplication (Rf) was recorded 4.45, 3.01, 1.85 
and 1.66 in above given treatments respectively. Total number of galls were observed 
28, 21, 13 and 12 per root system in the test plant inoculated with SC + Mi, SC + Mi 
+ Foe, SC + Mi + Th and SC + Mi + Foe + Th respectively. 
Wih index was observed by 2.90, 3.20, 1.20 and 2.50 in SC + Foe, SC + Mi + 
Foe, SC + Foe + Th and SC + Mi + Foe + Th inoculated plants over control. 
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Table 14a.l Effect of individual and simultaneous inoculation of Trichoderma 
harzianum, Meloidogyne incognita and Fusarium oxyspomm f.sp. ciceri on plant 
growth of chiclqiea (Cicer arietinum) cv. Avrodhi in presence of Rhizobium 
Results presented in Table 14a. 1 reveal that the shoot length of the test plant 
was recorded 53.71, 39.50, 37.70, 27.79, 45.78, 43.46, 34.17 cm as against 50.26 cm; 
root length was 27.56, 20.70, 18.94, 14.16, 23.72, 22.26, 17.52 cm as against 25.79 
cm; total plant length was 81.27, 61.00, 56.64, 41.95, 69.50, 65.72, 51.69 cm as 
against 76.05 cm; fresh shoot weight was 31.57, 20.90, 19.16, 13.19, 24.93, 22.09, 
17.57 g as against 28.63 g; fresh root weight was 13.95, 9.24, 8.44, 5.70, 10.97, 9.77, 
7.77 g as against 12.67 g; total fresh weight was 45.52, 30.14, 27.60, 18.89, 35.90, 
31.86, 25.34 g as against 41.30 g; dry shoot weight was 8.42, 4.91, 4.60, 2.78, 6.00, 
5.30, 3.91 g as against 7.26 g and dry root weight was 2.88, 1.66, 1.55, 0.93, 2.05, 
1.80 , 1.33 g as against 2.49 g and total dry weight was 11.30, 6.57, 6.15, 3.71, 8.05, 
7.10, 5.24 g as against 9.7g in Th, Mi, Foe, Mi + Foe, Mi + Th, Foe + Th and Mi + 
Foe + Th inoculated plants respectively over control. 
The plant growth parameters such as total plant length was increased by 
6.86%; plant fresh weight 10.22% and plant dry weight 15.90% in individual 
inoculation of Trichoderma harzianum over control. The total plant length was 
reduced by 20.84, 25.52, 44.84, 8.61, 13.58, 32.03%; plant fresh weight 27.02, 33.17, 
54.26, 13.08, 22.86,, 38.64% and plant dry weight 32.62, 36.92, 61.95, 17.44, 27.18, 
46.26% in Mi, Foe, Mi + Foe, Mi + Th, Foe + Th and Mi + Foe + Th inoculated 
plants respectively over control. 
Total number of pods were observed by 46.00, 29.00, 25.33, 18.33, 38.00, 
32.33 and 23.00 in Th, Mi, Foe, Mi + Foe, Mi + Th, Foe + Th and Mi + Foe + Th 
inoculated plants respectively as against 42.33 in umnoculated control. Pod yield was 
increased by 8.67 and decreased by 31.49, 40.16, 56.70, 10.23, 23.62 and 45.67% m 
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Fig. 14.b. 1 Effect of individual and simultaneous inoculation of Trichoderma harzianum, Meloidogyne 
incognita and Fusarium oxysporum f sp. ciceri on number of nodules per root system, nematode 
population and wilt-index of chickpea {Cicer arietinum var. Avrodhi) in the presence ofRhizobium. 
Th, Mi, Foe, Mi + Foe, Mi + Th, Foe + Th and Mi + Foe + Th inoculated plants 
respeetively over control. 
The data presented in table 14b. 1 reveal that chlorophyll 'a' was 2.104, 1.343, 
1.199, 0.815, 1.710, 1, 1.189 mg/g as against 1.860; chlorophyll 'b' was 1.061, 0.521, 
0.423, 0.291, 0.680, 0.612, 0.409 mg/g as against 0.916 mg/g and total chlorophyll 
contents were 3.164, 1.864, 1.622, 1.106, 2.389, 2.042 and 1.598 mg/g as against 
2.776 mg/g in the test plant inoculated with Th, Mi, Foe, Mi + Foe, Mi + Th, Foe + 
Th, Mi + Foe + Th respectively over control. Total chlorophyll contents were 
increased by 13.98% and decreased by 32.85, 41.57, 60.16, 13.94, 26.44, 42.44% in 
Th, Mi, Foe, Mi + Foe, Mi + Th, Foe + Th and Mi + Foe + Th inoculated plants 
respectively over control. 
Total number of nodules were observed 72, 40, 37, 23, 52, 42 and 35 in the 
test plant inoculated with Th, NC, Foe, Mi + Foe, Mi + Th, Foe + Th, and Mi + Foe + 
Th respectively as against 62 in uninoculated control. 
Total nematode population was 10604, 7570, 7510 and 4840 in Mi, Mi + Foe, 
Mi + Th and Mi + Foe + Th inoculated plants respectively. The rate of nematode 
multiplication (Rf) was 10.60, 7.57, 7.51 and 4.84 in above given treatments 
respectively. 
Number of galls were observed 82, 75, 52 and 43 per root system in the test 
plant inoculated with Mi, Mi + Foe, Mi + Th and Mi + Foe + Th respectively. 
Wih index was observed 3.80, 3.95, 2.00 and 3.60 in Foe, Mi+Foc, Foc+Th 
and Mi+Foc+Th inoculated plants respectively over control. 
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Table 14a.2 Effect of neem seed cake and Trichoderma harzianum on plant 
growth of chickpea {Cicer arietinum) cv. Avrodhi inoculated with Meloidogyne 
incognita and Fusarium oxysporum f.sp. ciceri in the presence of Rhizobium 
It is evident from the Table 14a.2 that the shoot length was 65.55, 68.70, 
59.65, 59.20, 52.95, 64.10, 62.40, 59.30 cm as against 50.26 c; root length was 32.90, 
34.65, 30.25, 29.90, 26.80, 32.40, 31.45, 30.10 cm as against 25.79 cm; total plant 
length was 98.45, 103.35, 89.90, 89.10, 79.75, 96.50, 93.85, 89.40 cm as against 
76.05 cm; fresh shoot weight was 40.70, 43.01, 35.80, 35.03, 30.10, 39.70, 37.81, 
35.70 g as against 28.63 g; fresh root weight was 17.50, 18.70, 15.50, 15.17, 12.90, 
17.08, 16.29 , 15.30 g as against the 12.67 g; total fresh weight was 58.20, 61.71, 
51.30, 50.20, 43.00, 56.78, 54.10, 51.00 g as againt 41.30 g; dry shoot weight was 
10.75, 11.37, 8.94, 8.66, 7.44, 10.19, 9.47, 8.91 g as against the 7.26 g and dry root 
weight was 3.75, 3.96, 3.12, 3.04, 2.60, 3.56, 3.29, 3.10 g as against the 2.49 g total 
dry weight was 14.50, 15.33, 12.06, 11.70, 10.04, 13.75, 12.76, 12.01 g as against 
9.75 g in NC, NC + Th, Nc + Mi, NC + Foe, NC + Mi + Foe, NC + Mi + Th, NC + 
Foe + Th and NC + Mi + Foe + Th inoculated plants respectively over control. 
Total plant length was increased by 24.95, 35.90, 28.21, 17.16, 4.87, 26.89, 
23.41, 17.55%; plant fresh weight 40.92, 49.42, 24.21, 21.55, 4.12, 37.48, 30.99, 
23.49% and plant dry weight 48.72, 57.23, 23.69, 20.00, 2.97, 41.03, 30.87, 23.18% 
in NC, NC + Th, NC + Mi, NC + Foe, NC + Mi + Foe, NC + Mi + Th, NC + Foe + 
Th and NC + Mi + Foe + Th inoculated plants respectively over control. 
Pod yield was recorded 62.00, 64.33, 54.66, 53.00, 48.00, 59.66, 56.33, and 
54.00 in NC, NC + Th, NC + Mi, NC + Foe, NC + Mi + Foe, NC + Mi + Th, NC + 
Foe + Th and NC + Mi + Foe + Th inoculated plants respectively as against 42.33 in 
uninoculated control. Pod yield was increased by 46.47, 51.97, 29.13, 25.21, 13.29, 
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Fig. 14.a.2 Effect of neem seed cake and Trichoderma harzianum, on dry weight and chlorophyll 
content of chickpea {Cicer arietinum var. Avrodhi) inoculated with Meloidogyne incognita 
and Fusarium oxysporum f. sp. ciceri in the presence of Rhizobium. 
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Fig. 14.b.2 Effect of neem seed cake and Trichoderma harzianum on number of nodules per root system, 
nematode population and wilt-index content of chickpea (Cicer arietinum var. Avrodhi) inoculated 
with Meloidogyne incognita and Fusarium oxysporum f sp. ciceri in the presence of Rhizobium. 
40.94, 33.07 and 27.57% respectively in above given treatments respectively over 
control. 
It is clear from the data presented in table 14b.2 that the chlorophyll 'a' was 
recorded 2.739, 3.011, 2.381, 2.302, 2.000, 2.779, 2.333, 2.318 mg/g as against 1.860 
mg/g; chlorophyU 'b' was 1.396, 1.375, 1.243, 1.084, 1.026, 1.136, 1.250, 1.173 mg/g 
as against 0.916 mg/g and total chlorophyll contents were 4.135, 4.386, 3.624, 3.386, 
3.026, 3.915, 3.583, 3.4912 mg/g as against 2.776 mg/g in NC, NC + Th, NC + Mi, 
NC + Foe, NC + Mi + Foe, NC + Mi + Th, NC + Foe + Th and NC + Mi + Foe + Th 
inoculated plants respectively over control. 
Total chlorophyll contents were increased by 48.96, 58.00, 30.55, 21.97, 9.02, 
41.03, 29.07, 25.76% in NC, NC + Th, NC + Mi, NC + Foe, NC + Mi + Foe, NC + 
Mi + Th, NC + Foe + Th, NC + Mi + Foe + Th inoculated plants respectively over 
control. 
Total number of nodules were observed 88, 95, 74,67, 60, 81, 76 and 74 in the 
test plant inoculated with NC, NC + Th, NC + Mi, NC + Foe, NC + Mi + Foe, NC + 
Mi + Th, NC + Foe + Th and NC + Mi + Foe + Th respectively as against 62 in 
uninoculated control. 
Total nematode population was recorded 2010, 1612, 840 and 830 in NC + 
Mi, NC + Mi + Foe, NC + Mi + Th and NC + Mi + Foe + Th inoculated plants 
respectively and the rate of nematode multiplication (Rf) was 2.01, 1.61, 0.80 and 
0.83 in above given treatments respectively over control. 
Number of galls were observed 15, 12, 7 and 7 in NC + Mi, NC + Mi + Foe, 
NC + Mi + Th and NC + Mi + Foe + Th inoculated plants respectively. 
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Wilt-index was observed 1.50, 2.00, 0.40 and 1.50 in the test plant inoculated 
with NC + Foe, NC + Ml + Foe, NC + Foe + Th and NC + Mi + Foe + Th 
respectively over control. 
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Table 14a.3 Effect of castor-seed cake and Trichoderma harzianum on plant 
growth of chickpea (Cicer arietinum) cv. Avrodhi inoculated with Meloidogyne 
incognita and Fusarium oxysporum f.sp. ciceri in the presence o^Rhizobium 
Results presented in Table 14a.3 indicate that the shoot length was noted 
64.30, 67.55, 57.90, 50.85, 62.80, 60.70, 57.45 cm as against 50.26 cm; root length 
was 32.30, 34.15, 29.30, 28.95, 25.60, 31.60, 30.70, 28.90 cm as against 25.79 cm; 
total plant length was 96.60, 101.70, 87.20, 86.85, 76.45, 94.40, 91.40, 86.35 cm as 
against 76.05 cm; fresh shoot weight was 39.21, 41.40, 34.30, 33.57, 28.73, 37.35, 
35.71 , 34.24 g as against 28.63 g; fresh root weight was 16.85, 17.70, 14.80, 14.43, 
12.37, 16.22, 15.40, 14.66 g as against 12.67 g; total fresh weight was 56.06, 59.10, 
49.10, 48.00, 41.26, 53.97, 51.00, 48.90 g as against 41.30 g; dry shoot weight was 
10.36, 13.91, 8.55, 8.20, 7.07, 9.80, 8.93, 8.42 g as against 7.26 g and dry root weight 
was 3.60, 3.79, 2.97, 2.86, 2.45, 3.42, 3.11, 2.92 g as against 2.49 g total dry weight 
was 13.96, 17.70, 11.52, 11.06, 9.52, 13.22, 12.04, 11.04 g as against 9.75 g in CC, 
CC + Th, CC + Mi, CC + Foe, CC + Mi + Foe, CC + Mi + Th, CC + Foe + Th, CC + 
Mi + Foe + Th inoculated plants respectively over control. 
Total plant length was increased by 27.02, 33.73, 14.66,14.20, 0.53, 24.13, 
20.18, 13.54%; plant fresh weight 35.74, 43.10, 18.89, 16.22, 0.15, 30.68, 23.75 and 
18.40% and plant dry weight 43.18, 81.54, 13.44, -2.36, 23.49, 16.31% in CC, CC + 
Th, CC + Mi, CC + Foe, CC + Mi + Foe, CC + Mi + Th, CC + Foe + Th, CC + Mi + 
Foe + Th inoculated plants respectively over control. 
Pod yield was recorded 60.33, 62.66, 52.00, 50.33, 46.00, 57.33, 53.33, 51.33 
in CC, CC + Th, CC + Mi, CC + Foe, CC + Mi + Foe, CC + Mi + Th, CC + Foe + Th 
and CC + Mi + Foe + Th inoculated plants respectively as against the 42.33 in 
uninoeulated control. Pod yield was increased by 42.52, 48.03, 22.84, 18.90, 8.67, 
35.44, 25.99 and 21.26% in CC, CC + Th, CC + Mi, CC + Foe, CC + Mi + Foe, CC + 
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Fig. 14.a.3 Effect of castor seed cake and Trichoderma harzianum, on dry weigjit and chlorophyll 
content of chickpea {Cicer arietinum var. Avrodhi) inoculated wiihMeloidogyne incognita 
and Fusarium oxysporum f sp. ciceri in the presence of Rhizobium. 
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Fig. 14.b.3 Effect of castor seed cake and Trichoderma harzianum on number of nodules per root system, 
nematode population and wilt-index content of chickpea {Cicer arietinum var. Avrodhi) inoculated 
vfith Meloidogyne incognita and Fusarium oxysporum f sp. ciceri in the presence of Rhizobium. 
Mi + Th, CC + Foe + Th, CC + Mi + Foe + Th inoeulated plants respeetively over 
eontrol. 
Results presented in table 14b. 3 indicate that the chlorophyll 'a' was 2.711, 
2.844, 2.357, 2.147, 1.946, 2-549, 2.326, 2.237 mg/g as against 1.860 mg/g; 
chlorophyU 'b' was 1.315, 1.404, 1.068, 1.058, 0.946, 1.219, 1.075, 1.086 mg/g as 
against 0.916 mg/g; total chlorophyll content was recorded 4.026, 4.248, 3.425, 3.205, 
2.892. 3.768, 3.401, 3.323mg/g as against 2.776mg/g in CC, CC+ Th, CC+Mi, 
CC+Foc, CC+Mi+Foc, CC+Mi+Th, CC+Foc+Th and CC+Mi+Foc+Th inoculated 
plants respectively over control. 
Total chlorophyll content was increased by 45.03, 53.03, 23.38, 15.45, 4.18, 
35.73, 22.51, 19.70% in CC, CC+ Th, CC+Mi, CC+Foc, CC+Mi+Foc, CC+Mi+Th, 
CC+Foc+Th, CC+NC+Foc+Th inoculated plants respectively over control. 
Total number of nodules were observed 86, 90, 71, 65, 58, 81, 74 and 71 in 
CC, CC+Th, CC+Mi, CC+Foc, CC+Mi+Foc, CC+Mi+Th, CC+Foc+Th and 
CC+Mi+Foc+Th inoculated plants respectively as against 62 in uninoculated control. 
Total nematode population was recorded 2100, 1704, 914 and 894 in CC+Mi, 
CC+Foc, CC+Mi+Foc, CC+Mi+Th, CC+Foc+Th and CC+Mi+Foc+Th inoculated 
plants respectively. The rate of nematode multiplication (Rf) was 2.10, 1.70, 0.91 and 
0.89 in above given treatments respectively. 
Number of galls were observed 16, 13, 7 and 8 per root system in CC+Mi, 
CC+Foc, CC+Mi+Foc, CC+Mi+Th, CC+Foc+Th and CC+Mi+Foc+Th inoculated 
plants respectively over control. 
Wilt index was recorded 1.70, 2.20, 0.50 and 1.70 in CC+Foc, CC+Mi+Foc,* 
CC+Mi+Th, CC+Foc+Th and CC+Mi+Foc+Th inoculated plants respectively over 
control. 
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Table 14a.4: Effect of piludi cake and Trichoderma harzianum on plant growth of 
chickpea {Cicer arietinum) cv. Avrodhi inoculated with Meloidogyne incognita 
and Fusarium oxysporum f. sp. ciceri in the presence of Rhizobium. 
It is evident from the Table no 14a. 4 that shoot length of the test plant was 
recorded 60.80, 63.90, 52.65, 51.40, 45.60, 59.30, 55.95, 51.70cm as against 50.26cm, 
root length was 30.55, 32.15, 26.45, 2.85, 29085, 28.10, 25.90 as against 25.79 cm; 
26.05, total length was 91.35, 96.05, 79.10, 77.45, 68.45, 89.15, 84.05, 77.60cm as 
against 76.05cm; fresh shoot weight was 37.26, 39.30, 31.72, 30.19, 25.00, 35.87, 
33.30, 30.74g as against 28.63g; fresh shoot weight was 15.94, 16.86, 13.58, 12.91, 
10.70, 15.34, 14.24, 13.16g as against 12.67g; total fresh weight was 53.20, 56.16, 
45.30, 43.10, 35.70, 51.21, 47.54, 43.90g as against 41.30g; dry shoot weight was 
9.86, 10.43, 7.76, 7.45, 6.14, 9.09, 8.22, 7.53g as against 7.26g; dry root weight was 
3.42, 3.63, 2.69, 2.58, 2.22, 3.15, 2.85 , 2.61g as against 2.49g total dry weight was 
13.28,14.06,10.45,10.03,8.36, 12:24, 11.07, 10.14 gas against 9.75 gin PC, PC+ Th, 
PC + Mi, PC + Foe, PC + Mi + Foe, PC + Mi + Th, PC + Foe + Th and PC + Mi + 
Foe + Th inoculated plants respectively over control and total dry weight was 13.28, 
14.06, 10.45, 10.03, 8.36, 12.24, 11.07, 10.14g in as against 9.75g PC + Th, PC + 
Mi, PC + Foe, PC + Mi + Foe, PC + Mi + Th, PC + Foe + Th, PC + Mi + Foe + Th 
inoculated plants respectively over control. 
Plant growth parameters viz., total plant length was increased by 20.12, 26.30, 
4.01, 1.84, 17.23, 10.52, 2.04%; plant fresh weight 28.81, 35.98, 9.69, 4.36, 24.00, 
15.11, 6.30% and plant dry weight 36.21, 44.21, 7.18, 2.87, 25.54, 13.54, 4.00% in 
PC, PC + Th, PC + Mi, PC + Foe, PC + Mi + Foe, PC + Foe + Th, and PC + Mi + Foe 
+ Th inoculated plants respectively over control. Plant length was decreased by 
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Fig. 14.a.4 Effect of piludi cake and Trichoderma harzianum, on dry weight and chlorophyll content 
of chickpea {Cicer arietinum var. Avrodhi) inoculated with Meloidogyne incognita and 
Fusarium oxysporum i. sp. ciceri in the presence of Rhizobium. 
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Fig. 14.b.4 Effect of piludi cake and Trichoderma harzianum on number of nodules per root system, 
nematode population and wilt-index content of chickpea {Cicer arietinum var. Avrodhi) inoculated 
wiTAiMeloidogyne incognita and Fusarium oxyspontm f sp. ciceri in the presaice oiRhizobium. 
9.99%; plant fresh weight 13.56% plant dry weight 14.26% in PC + Mi + Foe 
inoculated plants respectively over control. 
Total number of pods were observed 58.00, 60.33, 48.66, 46.66, 42.00, 54.00, 
50.00 and 47.33 in PC, PC + Th, PC + Mi, PC + Foe, PC + Mi + Foe, PC + Mi + Th, 
PC + Foe + Th and PC + Mi + Foe + Th inoculated plants respectively over control as 
against 42.33 in uninoculated control. Total number of pods were increase by 37.02, 
42.52, 14.95, 10.23, 27.57, 18.12 and 11.81% in PC, PC + Th, PC + Mi, PC + Foe, 
PC + Mi + Th, PC + Foe + Th and PC + Mi + Foe + Th inoculated plants respectively 
and decreased by 0.78% in PC + Mi + Foe inoculated plants respectively over control. 
The data presented in Table 14b.4 reveal that chlorophyll 'a' was recorded 
2.769, 2.740, 2.107, 1.978, 1.816, 2.373, 2.149, 2.051 mg/g as against 1.860mg/g; 
ehlorophyU 'b' was 1.142, 1.343, 1.044, 1.017, 0.840, 1.240, 1.112, 1.078mg/g as 
against 2.916mg/g and total chlorophyll content was 3.911, 4.083, 3.151, 2.995, 
2.656, 3.613, 3.261, 3.129 mg/g as against 2.776 mg/g in the test plant inoculated with 
PC, PC + Th, PC + Mi, PC + Foe, PC + Mi + Foe, PC + Mi + Th, PC + Foe + Th and 
PC + Mi + Foe + Th respectively over control and decreased by 4.32% in PC + Mi + 
Foe inoculated plants over control. 
Total number of nodules were observed 81, 86, 63, 60, 50, 74, 67 and 63 in 
PC, PC + Th, PC + Mi, PC + Foe, PC + Mi + Foe, PC + Mi + Th, PC + Foe + Th and 
PC + Mi + Foe + Th inoculated plants respectively as against 62 in uninoculated 
control. 
Total nematode population was 2724, 1914, 1172 and 1120 in PC + Mi, PC + 
Mi + Foe, PC + Mi + Th and PC + Mi + Foe + Th inoculated plants respectively. Rate 
of nematode multiplication (Rf) was 2.72, 1.91, 1.17 and 1.12 in above given 
treatments respectively. 
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Number of galls were observed 21, 16, 10 and 9 in PC + Mi, PC + Mi + Foe, 
PC + Mi + Th and PC + Mi + Foe + Th inoculated plants respectively over control. 
Wilt-index was observed 2.60, 3.10, 0.80 and 2.20 in PC + Foe, PC + Mi + 
Foe, PC + Mi + Foe and PC + Foe + Th inoculated plants respectively over control. 
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Table 14a.5: Effect of sunflower seed cake and Trichoderma harzianum on plant 
growth of chickpea (Cicer arietinum) cv. Avrodhi inoculated with Meloidogyne 
incognita and Fusarium oxysporum f. sp. ciceri in the presence of Rhizobium. 
Results presented in Table 14a. 5 indicated that the shoot length was recorded 
59.80, 62.50, 51.10, 49.50,43.50, 58.00, 49,10cm as agamst 50.26cm; root length was 
30.00, 31.45, 25.80, 24.90, 21 90, 29.30, 27.65, 24.70cm as against 25.79cm; total 
length was 89.80, 93.95, 76.90, 74.40, 65.40, 87.30, 82.55, 73.80cm as against 
76.05cm; fresh shoot length was 36.55, 38.39, 30.50, 28.87, 24.13, 34.90, 32.37, 
28.86g as against 28.63g; fresh root weight was 15.65, 16.45, 13.00, 12.37, 10.35, 
14.90, 13.87, 12.30g as against 12.67g; total fresh weight was 52.20, 54.84, 43.50, 
41.24, 34.48, 49.80, 46.24 and 41.16g as against 41.30g; dry shoot weight was 9.69, 
10.13, 7.60,7.04, 5.84, 8.76, 7.13g as against 7.26g; dry root weight was 3.35, 3.52, 
2.64, 2.43, 2.02, 3.01, 2.79, 2.47g as against 2.49g and total dry weight was 13.04, 
13.65, 10.24, 9.47, 7.86, 11.77, 10.85, 9.60 as against 9.75g in SC, SC+ Th, SC + 
Mi, SC + Foe, SC + Mi + Foe, SC + Mi + Th, SC + Foe + Th and SC + Mi + Foe + 
Th inoculated plants respectively over control. 
Total plant length was increased by 18.08, 23.54, 1.12, 14.79, 8.55%; plant 
fresh weight 26.39, 32.78, 5.33, 20.58, 11.96 and plant dry weight 33.74, 40.00, 5.03, 
20.72, 11.28% in SC, SC + Th, SC + Mi, SC + Mi + Foe and SC + Foe + Th 
inoculated plants respectively over control. Total plant length was reduced by 2.17, 
14.00, 2.96%; plant fresh weight 0.15, 16.51, 0.34% and plant dry weight 2.87, 19.38 
and 1.54% in SC + Foe, SC + Mi + Foe and SC + Mi + Foe + Th inoculated plants 
respectively over control. 
Total number of pods were recorded by 57.00, 59.66, 47.00, 44.33, 39.66, 
52.33, 49.00 and 45.33 in SC, SC + Th, SC + Mi, SC + Foe, SC + M + Foe, SC + Mi 
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Fig. 14.a.5 Effect of siinflowre cake and Trichoderma harzianum, on dry weight and chlorophyll content 
of chickpea (Cicer arietinum var. Avrodhi) inoculated withMeloidogyne incognita and 
Fusarium oxysporum f sp. ciceri in the presence of Rhizobium. 
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Fig. 14.b.5 Effect of sunflower cake and Trichoderma harzianum on number of nodules per root system, 
nematode population and wilt-index content of chickpea (deer arietinum var. Avrodhi) inoculated 
with Meloidogyne incognita and Fusarium oxysporum f. sp. ciceri in the presence of Rhizobium. 
+ Th, SC + Foe + Th and SC + Mi + Foe + Th inoeulated plants respeetively as 
against 42.33 in uninoeulated control. Pod yield was increased by 34.66, 40.94, 11.03, 
4.72, 23.62, 15.76, 7.09 in SC, SC + Th, SC + Mi, SC + Foe, SC + Mi + Th, SC + Foe 
+ Th and SC + Mi + Foe + Th inoculated plants respeetively and decreased by 6.31% 
in SC + Mi + Foe inocultated plants over control. 
It is evident from the table 14b. 5 that chlorophyll 'a' was 2.668, 2.713, 1.979, 
1.948, 1.739, 2.318, 2.146, 1.955mg/g as against 1.860mg/g; chlorophyll 'b' was 
1.199, 1.316, 1.045, 0.947, 0.781, 1.171, 1.063, 1.026mg/g as against 0.916mg/g and 
total chlorophyll content was 3.867, 4.029, 3.024, 2.895, 2.520, 3.489, 3.209, 2.981 
mg/g as against 2.776mg/g in SC, SC + Th, SC + Mi, SC + Foe, SC + Mi + Foe, SC + 
Mi + Th, SC + Foe + Th and SC + Mi + Foe + Th inoculated plants respectively over 
control. Total chlorophyll content was increase by 39.30, 45.14, 8.93, 4.29, 25.68, 
15.60, 7.38% in SC, SC + Th, SC + Mi, SC + Foe, SC + Mi + Th, SC + Foe + Th, SC 
+ Mi + Foe + Th inoculated plants respectively and reduced by 9.22% in SC + Mi + 
Foe inoculated plants over control. 
Total number of nodules were 79, 84, 61, 55, 46, 71, 65 and 57 in the test 
plant inoculated with SC, SC + Th, SC + Foe, SC + Mi + Foe, SC + Mi + Th, SC + 
Foe + Th and SC + Mi + Foe + Th respectively as against 62 in uninoeulated control. 
Total nematode population was 2800, 2044, 1320, and 1300 in SC + Mi, SC + 
Mi + Foe, SC + Mi +Th and SC + Mi + Foe + Th inoeulated plants respectively. Rate 
of nematode multiplication (Rf) was 2.80, 2.04, 1.32 and 1.30 in above given 
treatment respectively. 
Number of galls were observed 22, 17, 10 and 10 in SC + Mi, SC + Mi + Foe, 
SC + Mi +Th and SC + Mi + Foe + Th inoculated plants respectively over control. 
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Wilt-index was recorded 2.80, 3.30, 0.90 and 2.50 in SC + Foe, SC + Mi + 
Foe, SC + Foe +Th and SC + Mi + Foe + Th inoculated plants respectively over 
control. 
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Table 15a. 1: Effect of individual and simultaneous inoculation of Trichoderma 
harzianum, Meloidogyne incognita and Rhizoctonia solani on plant growth of 
chickpea (Cicer arietinum) cv. Avrodhi in the absence of Rhizobium. 
It is clear from the results given in Table 15a. 1 that the shoot length of test 
plant was recorded 45.15, 31.10, 30.30, 23.53, 38.14, 36.20, 28.46cm as against 
42.40cm; the root length was 24.65, 16.95, 16.30, 12.72, , 20.86, 19.80, 15.54cm as 
against 23.24cm; total plant length was 69.80, 48.05, 46.60, 36.25, 59.00,56.00, 
56.00, 44.00cm as against 65.64cm; fresh shoot weight was 26.50, 15.90, 15.03, 
10.44, 21.02, 17.90, 14.32g as against 24.16g; fresh root weight was 11.45, 6.75, 6.47, 
4.42, 8.98, 7.70, 6.18g as against 10.40g; total fresh weight was 37.95, 22.65, 21.50, 
14.86, 30.00, 25.60, 20.50 as against 34.56g; dry shoot weight was 7.19, 3.92, 3.97, 
2.26, 5.09, 4.35, 3.31g as against 6.35g; dry root weight was 2.16, 1.17, 1.11, 0.68, 
1.51, 1.30, l.OOg as against 1.91g and total dry weight was 9.35, 5.04, 4.84, 2.94, 6.60 
5.65, 4.3 Ig as against 8.26g in Th, Mi, Rs(Rhizoctoma solani). Mi + Rs, Mi + Th, Rs 
+ Th, Mi + Rs + Th inoculated respectively over control. 
The plant growth parameters such as total plant length was increased by 
6.34%; plant fresh weight 9.81% and Plant dry weight 13.20% in individual 
inoculation of T. harzianum over control. Total plant length was reduced by 26.80, 
29.01, 44.77, 10.12, 14.69, 32.97%; plant fresh weight 34.46, 37.79, 57.00, 13.19, 
25.93, 40.68% and plant dry weight 38.98, 41.40, 64.41, 20.10, 31.60, 47.82% in the 
test plant inoculated vwth Ml, Rs, Mi + Rs, Mi + Th, Rs + Th and Mi + Rs + Th 
respectively over control. 
Total number of pods were observed 37.00, 22.00, 20.33, 13.00, 29.00, 24.00 
and 19.66 in Th, Mi, Rs, Mi + Rs, Mi + Th, Rs + Th and Mi + Rs + Th respectively 
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Fig. 15.a. 1 Effect of individual and simultaneous inoculation of Trichoderma harzianum, Meloidogyne 
incognita and Fusahum oxysporum f sp. ciceri on dry weight and chlorophyll content of 
chickpea {Cicer arietinum var. Avrodhi) in the absence of Rhizobium. 
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Control Th Rs Mi+Rs Mi+Th 
Treatment 
Rs+Th Mi+Rs+Th 
Fig. 15 .b. 1 Effect of individual and simultaneous inoculation of Trichoderma harzianum, Meloidogyne 
incognita and Rhizoctonia solani on nematode population and root-rot index of chickpea 
{deer arietinum var. Avrodhi) in the absence oiRhizobium. 
over control. The number of pod were reduced by 35.29, 40.21, 61.76, 14.71, 29.41 
and 42.18% in above given treatments respectively over control. 
The data presented in table IS.b.l reveal that chlorophyll 'a' was 1.703, 1.103, 
1.057, 0.739, 1.308, 1.211, 1.056mg/g as against 1.619mg/g; chlorophyll 'b' was 
0.812, 0.279, 0.216, 0.097, 0.552, 0.327, 0.204mg/g as against 0.639mg/g and total 
chlorophyll content was 2.514, 1.382, 1.318, 0.836, 1.0860, 1.538, 1.260mg/g as 
against 2.257mg/g in the test plant inoculated with Th, Mi, Rs, Mi + Rs, Mi + Th, Rs 
+ Th and Mi + Rs +th respectively over control. 
Total chlorophyll content was increased by 11.39% and decreased by 38.77%, 
41.60, 62.96, 17.59, 31.86, 44.17% in Th, Mi. Rs, Mi+Rs, Mi+Th, Rs+Th, 
Mi+Rs+Th inoculated plants respectively. 
Total nematode population was 1640, 11710, 8260, and 7430 in Mi, Mi + Rs, 
Mi + Th and Nfi + Rs + Th inoculated plants respectively. Rate of nematode 
multiplication (Rf) was 16.43, 11.71, 8.26 and 7.43 in above given treatments 
respectively. 
Number of galls were observed 105, 89, 54 and 55 in Mi, Mi + Rs, Mi + Th 
and Mi + Rs + Th inoculated plants respectively over control. 
Root-rot index was 4.10, 4.20, 2.60 and 3.10 in Rs, Mi + Rs, Rs + Th and Mi 
+ Rs + Th inoculated plants respectively over control. 
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Table 15a. 2: Effect of neem seed cake and Trichoderma harzianum on plant 
growth of chickpea (Cicer arietinum) cv. Avrodhi inoculated with Mdoidogyne 
incognita and Rhizoctonia solani in the absence of Rhizobium. 
Results presented in Table 15.a. 2 revealed that shoot length was 56.30, 58.50, 
49.90, 49.60, 46.25, 54.80, 53.10, 50.50cm as against 42.40cm; root length was 29.70, 
31.30, 26.40, 26.30, 24.60, 29.20, 28.20, 26.95cm as against 23.24cm; total length 
was 86.00, 89.80, 76.30, 75.90, 84.00, 70.85, 81.30, 77.45cm as against 65.64cm; 
fresh shoot weight was 33.74, 35.79, 28.78, 28.88, 24.90, 31.77, 30.92, 28.61g as 
against 24.16 g; fresh root weight was 15.26, 16.16, 13.12, 13.10, 11.30,14.43, 14.08, 
13.11g as against 10.40g; total fresh weight was 49.00, 51.95, 41.90, 41.98, 36.20, 
46.20, 45.00 41.72g as against 34.56g; dry shoot weight was 9.43, 9.79, 7.59, 7.52, 
6.52, 8.56, 8.02, 7.63g as against 6.35g; dry root weight was 2.84, 2.95, 2.30, 2.29, 
1.97, 2.59, 2.47, 2.33g as against 1.91g and total dry weight was 12. 27, 12.74, 9.89, 
9.81, 8.49, 11.15, 10.49, 9.96g as against 8.26g in NC, NC + Th, NC + Mi, NC + Rs, 
NC + Mi + Rs, NC + Mi + Th, NC + Rs + Th and NC + Mi + Rs + Th inoculated 
plants respectively over control. 
Total plant length was increased by 31.02, 36,81, 16.24, 15.63, 7.94, 27.97, 
23.86, 17.99%; plant fresh weight was 41. 78, 50.32, 21.24, 21.47, 4.75, 33.68, 30.21, 
20.72 and plant dry weight was 48.55, 54.24, 19.73, 18.77, 2.78, 34.99, 27.00, 
20.58% in NC, NC + Th, NC + Mi, NC + Rs, NC + Mi + Rs, NC + Mi + Th, NC + Rs 
+ Th and NC + Mi + Rs + Th inoculated plants respectively over control. 
Total number of pods were recorded by 49.00, 51.66, 42.00, 41. 33, 37.33, 
46.33, 44.00 and 41.66 in the test plant inoculated with NC, NC + Th, NC + Mi, NC + 
Rs, NC + Mi + Rs, NC + Mi + Th, NC + Rs + Th and NC + Mi + Rs + Th 
respectively as against 34.00 in uninoculated control. Pod yield was increased by 
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Fig. 15.a.2 Effect of neem seed cake and Trichoderma harzianum on dry weight and chlorophyll 
content of chickpea {Cicer ahetinum var. Avrodhi) inoculated v/iihMeloidogym incognita 
and Fusarium oxysporum f sp. ciceri in the absence ofRhizobium. 
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Fig. 15.b.2 Effect of neem seed cake and Trichoderma harzianum on nematode population and 
root-rot index of chickpea {Cicer arietinum var. Avrodhi) inoculated with Meloidogyne 
incognita and Fusarium oxysporum f sp. ciceri in the absence of Rhizobium. 
44.12, 51.94, 23.53, 21.56, 9.79, 36.26, 29.41 and 22.53% respectively in above given 
treatments respectively over control. 
The data given in table 15b. 2 indicated that chloropyll 'a' was 2.223, 2.332, 
1.859, 1.828, 1.683, 2.002, 1.911, 1.854mg/g as against 1.619; chlorophyll 'b' was 
1.083, 1.148, 0.907, 0.893, 0.732, 1.046, 0.954, 0.907mg/g as against 0.639mg/g and 
total chlorophyll content was 3.306, 3.480, 2.766, 2.721, 2.415, 3.048, 2.865, 
2.761mg/g as against 2.257mg/g in NC, NC + Th, NC + Mi, NC + Rs, NC + Mi + Rs, 
NC + Mi + Th, NC + Rs + Th and NC + Mi + Rs + Th inoculated plants respectively 
over control. Total chlorophyll content was increased by 46.48, 54.19, 22.55, 20.56, 
7.00, 35.05, 26.94 and 22.33% in above given treatments respectively over control. 
Total nematode population was 3050, 2686, 1275 and 1360 in NC + Mi, NC + 
Mi + Rs, NC + Mi + ThandNC-fMi + Rs + Th inoculated plants respectively. The 
rate of nematode multiplication (Rf) was 3.05, 2.61, 1.28 and 1.36 in above given 
treatment respectively. 
Number of galls were observed 19, 17, 9 and 10 per root system in the test 
plant inoculated with NC + Mi, NC + Mi + Rs, NC + Mi + Th and NC + Mi + Rs + 
Th inoculated plants respectively. 
Root-rot index was observed 1.35, 2.10, 0.50 and 1.50 in the test plant 
inoculated with NC + Rs, NC + Mi + Rs, NC + Rs + Th and NC + Mi + Rs + Th 
respectively over control. 
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Table 15a. 3: Effect of castor seed cake and Trichoderma harzianum on plant 
growth of chickpea {Cicer arietinum) cv. Avrodhi inoculated with Meloidogyne 
incognita and Rhizpctonia solani in the absence of Rhizobium. 
It is evident from the Table 15a.3 that the shoot length of the test plant was 
recorded 54.60, 56.90, 47.10, 47.90, 44.40, 52.10, 50.70, 48.40cm as against 
42.40cm; root length was 29.20, 30.70, 25.40, 25.80, 23.70, 28.00, 27.20, 26.00cm as 
against 23.24cm; total plant length was 83.80, 87.60, 72.50, 73.70, 68.10, 80.10, 
77.90, 74.40g as against 65.64g; fresh shoot weight was 33.12, 34.80, 27.80, 27.45, 
23.84, 30.92, 29.62, 27.80g as against 24.16g; fresh root weight was 15.10, 15.70, 
12.60, 12.65, 10.86, 14.08, 13.68 12.80 as against 10.40g; total fresh weight was 
48.22, 50.50, 40.40, 40.10, 45.00, 34.70, 45.00, 43.30, 40.60g as against 34.56g; dry 
shoot weight was 9.03, 9.50, 7.20, 7.11, 6.04, 8.23, 7.66, 7..22g as agamst 6.35; dry 
root weight was 2.82, 2.87, 2.25, 2.23, 1.91, 2.98, 2.40, 2.26g as against 1.91g and 
total dry weight was 11.85, 12.37, 9.45, 9.34, 7.95, 11.21, 10.06, 9.48 as against 8.26g 
in CC, CC + Th, CC + Mi, CC + Rs, CC + Mi + Rs, CC + Mi + Th, CC + Rs + Th 
and CC + Mi + Rs + Th inoculated plants respectively over control. 
Total plant length was increased by 27.67, 33.46, 10.45, 12.28, 3.75, 22.03, 
18.68, 13.35%; plant fresh weight 39.53, 46.12, 16.90, 16.03, 0.41, 30.21, 25.29, 
17.48% and plant dry weight 43.46, 49.76, 14.41, 13.08, 3.75, 35.71, 21.79, 14.77% 
in CC, CC + Th, CC + Mi, CC + Rs, CC + Mi + Rs, CC + Mi + Th, CC + Rs + Th 
and CC + Mi + Rs + Th inoculated plants respectively over control. 
Total number of pods were observed 48.00, 50.00,40.33, 40.00, 36.00, 45.00, 
42.66, 40.66 in the test plant inoculated with in CC, CC + Th, CC + Mi, CC + Rs, CC 
+ Mi + Rs, CC + Mi + Th, CC + Rs + Th and CC + Mi + Rs + Th inoculated plants 
respectively as against 34.00 in uninoculated control. Total number of pods were 
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Fig. 15.a. 3 Effect of castor seed cake and Trichoderma harzianum on dry weight and chlorophyll 
content of chickpea {Cicer arietinum var. Avrodhi) inoculated wiihMeloidogyne incognita 
and Fusarium oxysporum f. sp. ciceri in the absence oi Rhizobium. 
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Fig. 15.b.3 Effect of castor seed cake and Trichoderma harzianum on nematode population and 
root-rot index of chickpea {Cicer arietinum var, Avrodhi) inoculated with Meloidogyne 
incognita and Fusarium oxysporum f sp. ciceri in the absence of Rhizobium. 
increased by 41.18, 47.06, 18.62, 17.65, 5.88, 32.35, 25.47 and 19.59 % in the test 
plant inoculated with in CC, CC + Th, CC + Mi, CC + Rs, CC + Mi + Rs, CC + Mi + 
Th, CC + Rs + Th and CC + Mi + Rs + Th respectively over control. 
The data presented in table 15b. 3 indicated that the chl 'a' was 2.119, 2.315, 
1.846, 1.827, 1.699, 1.977, 1.844, 1.851mg/g as against 1.619mg/g; chlorophyU 'b' 
was 1.044, 1.079, 0.825, 0.810, 0.605, 1.020, 0.911, 0.834mg/g as against 0.639mg/g 
and total chlorophyU content was 3.163, 3.394, 2.671, 2.637, 2.304, 2.997, 2.755, 
2.685mg/g as against 2.257mg/g in CC, CC + Th, CC + Mi, CC + Rs, CC + Mi + Rs, 
CC + Mi + Th,CC + Rs + ThandCC + Mi + Rs + Th inoculated plants respectively 
over control. Total chlorophyll content were increased by 40.14, 50.38, 18.34, 16.84, 
2.08, 32.79, 22.06, 18.96% in CC, CC + Th, CC + Mi, CC + Rs, CC + Mi + Rs, CC + 
Mi + Th, CC + Rs + Th and CC + Mi + Rs + Th inoculated plants respectively over 
control. 
Total nematode population recorded was 3327, 2624, 1362 and 1329 in CC + 
Mi, CC + Mi + Rs, CC + Mi + Th and CC + Mi + Rs + Th inoculated plants 
respectively. Rate of nematode multiplication (Rf) was 3.33, 2.62, 1.36 and 1.33 in 
above given treatments respectively. 
Number of galls were observed 21, 17, 10 and 11 per root system in CC + Mi, 
CC + Mi + Rs, CC + Mi + Th and CC + Mi + Rs + Th inoculated plants respectively 
over control. 
Root-rot index was observed 1.50, 2.40, 0.70 and 1.75 in CC + Rs, CC + Mi + 
Rs, CC + Rs + Th and CC + Mi + Rs + Th inoculated plants respectively over control. 
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Table 15a.4 Effect of PUudi cake and Trichoderma harzianum on plant growth of 
chickpea (Cicer arietinum) cv. Avrodhi inoculated with Meloidogyne incognita 
and Rhizoctonia solani in the absence of Rhizobium. 
Results presented in Table I5a.4 reveal that the shoot length of the test plant 
was recorded 52.90, 55.00, 44.10, 44.90, 40.30, 50.82, 48.04, 45.60 cm as against 
42.40 cm; root length was 28.20, 29.70, 23.60, 24.20, 21.70, 27.20, 25.90, 24.30 cm 
as against 23.24 cm; total length was 81.10, 84.70, 67.70, 69.10, 62.00, 78.02, 73.94, 
69.90 cm as against 64.65 g; fresh shoot weight was 31.38, 33.05, 25.05, 25.40,21.61, 
29.08, 27.85, 25.80 g as against 24.16 g; fresh root weight was 14.20, 15.22, 11.30, 
11.50, 9.80, 13.32, 12.75, 11.70 g as agamst 10.40 g; total fresh weight was 45.58, 
48.27, 36.35, 36.90, 31.41, 42.40, 40.60, 37.50 g as against 34.56 g; dry shoot weight 
was 8.63, 9.10, 6.53, 6.46, 5.44, 7.75, 7.34, 6.67 g as against 6.35 g and dry root 
weight was 2.59, 2.74, 1.96, 1.93, 1.62, 2.35, 2.19, 2.01 g as against 1.91 g; total dry 
weight was 11.22, 11.84, 8.49, 8.39, 7.06, 10.10, 9.53, 8.68 g as against 8.26 g; in PC, 
PC + Th, PC + Mi, PC + Rs, PC + Mi + Rs, PC + Mi + Th, PC + Rs + Th and PC + 
Mi + Rs + Th inoculated plants respectively over control. 
The total plant length was increased by 23.55, 29.04, 3.14, 5.27, 18.86, 12.64, 
6.49%; plant fresh weight 31.89, 39.67, 5.18, 6.77, 22.69, 17.48, 8.51% and plant dry 
weight 35.84, 43.34, 2.78, 1.57, 22.28, 15.38, 5.08% in PC, PC + Th, PC + Mi, PC + 
Rs, PC + Mi + Th, PC + Rs + Th and PC + Mi + Rs + Th inoculated plants 
respectively over control and plant length was reduced by 5.55%; plant fresh weight 
9.11% and plant dry weight 14.53% in PC + Mi + Rs inoculated plants over control. 
Total number of pods were recorded 46.33, 48.33, 37.66, 36.66, 33.00, 43.00, 
40.66 and 38.00 in PC, PC + Th, PC + Mi, PC + Rs, PC + Mi + Rs, PC + Mi + Th, PC 
+ Rs + Th, PC + Mi + Rs + Th inoculated plants respectively as against 34.00 in 
uninoculated control. Pod yield was increased by 36.26, 42.15, 10.76, 7.82, 26.17, 
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Fig. 15.a.4 Effect of piludi seed cake and Trichoderma harzianum on dry weight and chlorophyll 
content of chickpea {Cicer arietinum var. Avrodhi) inoculated withMeloidogyne incognita 
and Fusarium oxysporum f sp. ciceri in the absence of Rhizobium. 
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Fig. 15.b.4 Effect of piludi seed cake and Trichoderma harzianum oa nematode population and 
root-rot index of chickpea {deer arietinum var, Avrodhi) inoculated vAih Meloidogyne 
incognita and Fusarium oxysporum f. sp. ciceri in the absence of Rhizobium. 
19.59 and 11.76% in PC, PC + Th, PC + Mi, PC + Rs, PC + Mi + Th, PC + Rs + Th 
and PC + Mi + Rs + Th inoculated plants respectively over control and pod yield was 
decreased by 2.94% in PC + Mi + Rs inoculated plant over control. 
The data presented in table 15b.4 indicate that the chlorophyll 'a' was 2.048, 
2.174, 1.699, 1.735, 1.623, 1.896, 1.829, .745 mg/g as against 1.619 mg/g; 
chlorophyU 'b' was 1.079, 1.087, 0.754, 0.662, 0.478, 0.933, 0.796,0.744 mg/g as 
against 0.639 mg/g and total chlorophyll content was 3.127, 2.453, 2.397, 2.101, 
2.829, 2.625, .489 mg/g as against 2.257 mg/g in PC, PC + Th, PC + Mi, PC + Rs, PC 
+ Mi + Rs, PC + Mi + Th, PC + Rs + Th and PC + Mi + Rs + Th inoculated plants 
respectively over control. Total chlorophyll content was increased by 38.55, 44.48, 
8.68, 6.20, 25.34, 16.30, 10.28% and decreased 6.91% in PC, PC + Th, PC + Mi, PC 
+ Rs, PC + Mi + Th, PC + Rs + Th, PC + Mi + Rs + Th and PC + Mi + Rs inoculated 
plants respectively over control. 
Total nematode population was 4165, 3050, 1736 and 16.80 in PC + Mi, PC + 
Mi + Rs, PC + Mi + ThandPC + Mi + Rs + Th inoculated plants respectively and 
rate of nematode multiplication was 4.17, 3.05, 1.74 and 1.68 in above given 
treatments respectively. Number of galls were observed 25, 21, 12 and 13 in PC + Mi, 
PC + Mi + Rs, PC + Mi + Th and PC + Mi + Rs + Th inoculated plants respectively 
over control. 
Root-rot index was observed 2.40, 2.90, 1.00 and 2.30 in PC + Rs, PC + \fi + 
Rs, PC + Rs + Th and PC + Mi + Rs + Th inoculated plants respectively. 
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Table 15a.5 Effect of sunflower seed cake and Trichoderma harzfanum on plant 
growth of chickpea {Cicer arietinum) cv. Avrodhi inoculated with Meloidogyne 
incognita and Rhizoctonia solani in the absence of Rhizobium. 
Results presented in Table 15a. 5 reveal that the shoot length of the test plant 
was recorded 52.20, 54.00, 43.55, 43.75, 39.10, 50.20, 47.55,43.80 cm as against 
42.40 cm; root length was 27.70, 28.85, 23.00, 23.30, 20.90, 26.70, 25.10,23.40 cm as 
against 23.24 cm; total plant length was 79.90, 82.85, 66.55, 67.05, 60.00, 76.90, 
72.65,67.20 cm as against 65.64 cm; fresh shoot weight was 30.35, 32.30, 24.10, 
24.26, 20.62, 28.16, 26.90, 24.12 g as against 24.16 g; fresh root weight was 13.65, 
14.70, 10.79, 10.94, 9.25, 12.64, 12.10, 10.88 g as against 10.40 g; total fresh weight 
was 44.00, 47.00, 34.89, 35.20, 40.80, 29.87, 39.00, 35.00 g as against 34.56 g; dry 
shoot weight was 8.30, 8.79, 6.28, 6.14, 5.02, 7.35, 7.01, 6.25 g as against 6.35 g; dry 
root weight was 2.57, 2.63, 1.92, 1.92, 1.56, 2.31, 2.15, 1.91 g as against 1.91 g and 
total dry weight was 10.87, 11.42, 8.20, 8.06, 6.58, 9.66 9.16, 8.16 g as against 8.26 g 
in SC, SC + Th, Sc + M, SC + Rs, SC + Mi + Rs, SC + Mi + Th, SC + Rs + Th and 
SC + Mi + Rs + Th inoculated plants respectively over control. 
The total plant length was increased by 21.72, 26.22, 1.39, 2.15, 17.15, 10.68, 
2.38%; plant fresh weight 27.31, 36.00, 0.95, 1.85, 18.06, 12.85, 1.27% in SC, SC + 
Th, SC + Mi, SC + Rs, SC + Mi + Rs, SC + Mi + Th, SC + Rs + Th and SC + Mi + 
Rs + Th inoculated plants respectively over control. Plant dry weight was reduced 
0.73, 2.42, 1.21% in SC + Mi, SC + Rs, and SC + Mi + Rs + Th inoculated plants 
respectively over control. Plant length was reduced by 8.59%; plant fresh weight 
13.57% and plant dry weight 20.34%; SC + Mi + Rs inoculated plants over control. 
Plant dry weight was increased by 31.60, 38.26, 16.5, 10.90% in SC, SC+Th, 
SC+Mi+Th, SC+Rs+Th inoculated plants respectively over control. 
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Fig. 15.a.5 Effect of sunflower cake and Trichoderma harzianum on dry weight and chlorophyll 
content of chickpea {Cicer arietinum var. Avrodhi) inoculated -wiihMeloidogyne incognita 
and Fusarium oxysporum f sp. ciceri in the absence of Rhizobium. 
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Fig. 15.b.5 Effect of sunflower cake and Trichoderma harzianum aa nematode population and 
root-rot index of chickpea {Cicer arietinum var. Avrodhi) inoculated vAik Meloidogyne 
incognita and Fusarium oxysporum f sp. ciceri in the absence oiRhizobium. 
Total number of pods were recorded 45.66, 47.00, 35.66, 35.33, 31.33, 41.00, 
38.66, 36.66 in SC, SC + Th, SC + Mi, SC + Rs, SC + Mi + Rs, SC + Mi + Th, SC + 
Rs + Th and SC + Mi + Rs + Th inoculated plants respectively as against 34.00 in 
uninoculated control. Pod yield was increased by 34.29, 38.24, 4.88, 3.91, 20.59, 
13.71 and 7.82% in SC, SC + Th, SC + Mi, SC + Rs, SC + Mi + Th, SC + Rs + Th 
and SC + Mi + Rs + Th inoculated plants respectively over control and pod yield was 
decreased by 7.85% in SC + Rs + Th inoculated plants over control. 
The data presented in table 15.b.5 indicate that the chlorophyll 'a' was 2.008, 
2.129, 1.683, 1.669, 1.507, 1.846, 1.722, 1.699 mg/g as against 1.619 mg/g; 
chlorophyll 'b' was 1.052, 1.006, 0.659, 0.638, 0.481, 0.880, 0.774, 0.682 mg/g as 
against 6.639 mg/g and total chlorophyU content was 3.060, 3.135, 2.342, 2.307, 
1.988, 2.726, 2.496, 2.381 mg/g as against 2.257 mg/g in SC, SC + Th, SC + Mi, SC 
+ Rs, SC + Mi + Rs, SC + Mi + Th, SC + Rs + Th and SC + Mi + Rs + Th inoculated 
plants respectively over control. Total chlorophyll content was increased by 35.58, 
38.90, 3.77, 2.22, 20.78, 10.59 and 5.49% and decreased by 11.92% in SC, SC + Th, 
SC + Mi, SC + Rs, SC + Mi + Th and SC + Mi + Rs +Th and SC + Mi + Rs 
inoculated plants respectively over control. 
Total nematode population was 4158, 3030, 1744 and 1670 SC + Mi, SC + Mi 
+ Rs, SC + Mi + Th and SC + Mi + Rs + Th inoculated plants respectively and rate of 
nematode multiplication was 4.16, 3.03, 1.74, 1.67 in above given treatment 
respectively. 
Number of galls were observed 26, 22, 12, 13 in SC + Mi, SC + Mi + Rs, SC 
+ Mi + Th and SC + Mi + Rs + Th inoculated plants respectively over control. 
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Root-rot index was observed 2.60, 2.80, 1.00 and 2.25 in the test plant 
inoculated with SC + Rs, SC + Mi + Rs, SC + Rs + Th and SC + Mi + Rs + Th 
respectively over control. 
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Table 16.a.l Effect of individual and simultaneous inoculation of Trichoderma 
harzjtanum, Meloidogyne incognita and Rhizoctonia solani on plant growth of 
chickpea {Cicer arietinum) cv. Avrodhi in the presence of Rhizobium. 
Results presented in Table 16.a.l reveal that the shoot length of the test plant 
was recorded 53.80, 40.89, 38.56, 28.40, 46.50, 44.70, 35.01 cm as against 50.25 cm 
in root length was 27.50, 20.81, 19.44, 14.50, 23.50, 22.75, 17.69 cm as against 25.75 
cm; total length was 81.30, 61.70, 58.00, 42.90, 70.00, 67.45, 52.70 cm as against 
76.00 cm; fresh shoot weight was 31.62, 21.30, 20.05, 17.97, 25.11, 22.84, 18.43 g as 
against 28.61 g; fresh root weight was 13.98, 9.42, 8.75, 6.08, 11.09, 10.05, 8.04 as 
against 12.65 g; total fresh weight was 45.60, 30.72, 28.80, 20.05, 36.20, 32.90, 
26.47 g as against 41.26 g; dry shoot weight was 8.42, 4.93, 4.86, 3.08, 6.01, 5.55, 
4.11 g as against 7.46 g and dry root weight was 2.87, 1.68, 1.62, 1.05, 2.06, 1.89, 
1.40 g as against 2.54 g and total dry weight was 11.29, 6.61, 6.48, 4.13, 8.07, 7.44 
and 5.51 g as against 10.00 g in Th, Mi, Rs, Mi + Rs, Mi + Th, Rs + Th and Mi + Rs 
+ Th inoculated plants respectively over control. 
The total plant length was increased by 6.97%, plant weight 10.52% and plant 
dry weight 12.90% in individual inoculation of Trichoderma harziarmm over control. 
Total plant length was decreased 18.82, 23.68, 43.55, 7.89, 11.25, 30.66%; plant fresh 
weight 25.55, 30.20, 51.41, 12.26, 20.26 and 35.85%, plant dry weight 33.90, 35,20, 
58.70, 19.30, 25.60, 44.90% in Mi, Rs, Mi + Rs, Mi + Th, Rs + Th and Mi + Rs + Th 
inoculated plants respectively over control. 
Total number of pods were recorded 46.66, 29.66, 27.00, 19.66, 37.66, 33.33 
and 24.33 in the test plant inoculated Avith Th, Mi, Rs, Mi + Rs, Mi + Th, Rs + Th and 
Mi + Rs + Th respectively as against 43.00 in uninoculated control. Total number of 
pods were increased by 8.51% in Th inoculated plant and decreased by 31.02, 37.21, 
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Fig. 16.a. 1 Effect of individual and simultaneous inoculation of Trichoderma harzianum, Meloidogyne 
incognita and Rhizoctonia solani on dry weight and chlorophyll content of chickpea {Cicer 
arietinum var. Avrodhi) in the presence of Rhizobium. 
-1 1 — ^ r ^ 1 I ' I ' r 
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Fig. 16.b.l Effect of individual and simultaneous inoculation of Trichoderma harzianum, Meloidogyne 
incognita and Rhizoctonia solani on number of nodules per root system, nematode population 
and root-rot index of chickpea (Cicer arietinum var. Avrodhi) in the presence of Rhizobium. 
54.28, 12.42, 22.49 and 43.42% in the test plant inoculated with Mi, Rs, Mi + Rs, Mi 
+ Th, Rs + Th and Mi + Rs + Th respectively over control. 
Resuhs presented in table 16.b.l indicate that chlorophyll 'a' was 2.090, 
1.386, 1.268, 1.101, 1.700, 1.520, 1.202 mg/g as against 1.873 mg/g; chlorophyll 'b' 
was 1.057, 0.541, 0.459, 0.125, 0.676, 0.597, 0.418 mg/g as against 0.938 mg/g and 
total chlorophyll content was 3.147, 1.927, 1.727, 1.226, 2.376, 2.117, 1.620 mg/g as 
against 2.811 mg/g in the test plant inoculated with Th, Mi, Rs, Mi + Rs, Mi + Th, Rs 
+ Th and Mi + Rs + Th respectively over control. 
Total chlorophyll content was increased by 11.95% in Th inoculated plant and 
decreased by 31.45, 38.56, 56.39, 15.47, 24.69, 42.37% in Mi, Rs, Mi + Rs, Mi + Th, 
Rs + Th and Mi + Rs + Th inoculated plants respectively over control. 
Number of nodules were observed 68, 39, 40, 24, 49, 45 and 34 in the test 
plant inoculated with Th, Mi, Rs, Mi + Rs, Mi + Th, Rs + Th and Mi + Rs + Th 
respectively as against 61 in uninoculated control. 
Total nematode population was 10608, 7660, 7515 and 4970 in Mi, Mi + Rs, 
Mi + Th and Mi + Rs + Th inoculated plants respectively. Rate of nematode 
multiplication (Rf) was 10.61, 7.66, 7.52 and 4.97 in above given treatments 
respectively. 
Number of galls were observed 82, 78, 52 and 46 per root system in the test 
plant inoculated with Mi, Mi + Rs, Mi + Th and Mi + Rs + Th respectively over 
control. 
Root-rot index was observed 3.30, 3.80, 1.70 and 3.40 in Rs, Mi + Rs, Rs + Th 
and Mi + Rs + Th inoculated plants respectively over control. 
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Table 16.a.2 Effect of neem seed-cake and Trichoderma harzianum on plant 
growth of chickpea (Cicer arietinum) cv. Avarodhi inoculated with Meloidogyne 
incognita and Rhizoctonia solani in the presence of Rhizobiunu 
Results presented in Table 16.a.2 reveal that the shoot length of the test plant 
was recorded 65.50, 68.65, 59.95, 59.70, 53.70, 64.10, 62.90, 60.10 cm as against 
50.25 cm; root length was 33.00, 34.80, 30.30, 30.30, 27.40, 32.50, 31.80, 30.15 cm 
as against 25.75 cm; total plant length was 98.50, 103.45; 90.25, 90.00, 81.10, 96.60 
94.70, 90.25 cm as against 76.00 cm; fresh shoot weight was 40.52, 42.90, 36.20, 
35.60, 31.20, 39.30, 38.20, 36.10 g as against 28.61 g; fresh root weight was 17.70, 
19.00, 15.90, 15.60, 13.60, 17.30, 16.80, 15.90 gas against 12.65 g; total fresh weight 
was 58.22, 61.90, 52.10, 51.20, 44.80, 56.60, 55.00, 52.00 g as against 41.26 g; dry 
weight of shoot was 10.73, 11.38, 9.02, 8.76, 7.72, 10.19, 9.59, 9.19 g as against 7.46 
g; dry root weight was 3.79, 3.90, 3.09, 314, 2.72, 3.60, 3.39, 3.25 g as against 2.54 g; 
total dry weight was 14.52, 15.28, 12.11, 11.90, 10.44, 13.79, 12.98, 12.44 g as 
against 10.00 g in NC, NC + Th, NC + Mi, NC + Rs, NC + Mi + Rs, NC + Mi + Th, 
NC + Rs + Th, NC + Mi + Rs + Th inoculated plant respectively over control. 
The total plant length was increased by 29.61, 36.12, 18.75, 18.42, 6.71, 
27.11, 24.61, 18.75%; plant fresh weight 41.11, 50.02, 26.27, 24.09, 8.58, 37.18, 
33.30, 26.03% and plant dry weight 45.20, 52.80, 21.10, 19.00, 4.40, 37.90, 29.80, 
24.40% in NC, NC + Th, NC + Mi, NC + Rs, NC + Mi + Rs, NC + Mi + Th, NC + Rs 
+ Th and NC + Mi + Rs + Th inoculated plant respectively over control. 
Total number of pods were recorded 62.00, 64.00, 55.00, 54.33, 49.33, 59.66, 
57.33, 55.33 in NC, NC+Th, NC+Mi, NC+Rs, NC+Mi+Rs, NC+Mi+Th, NC+ Rs + 
Th, NC Mi+Rs+Th inoculated plants respectively as against 43.00 in uninoculated 
control. Pod yield was increased by 44.19, 48.84, 27.91, 26.35, 14.72, 38.74, 33.33 
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Fig. 16.a.2 Effect of neem seed cake and Trichoderma harzianum, on dry weight and chlorophyll 
content of chickpea {Cicer arietinum var. Avrodhi) inoculated with Meloidogyne incognita 
and Rhizoctonia solani in the presence of Rhizobium. 
2500 
2000 
S 1500 
3 I 
u 
•a o 
TO 
s 1000 
4? ^c? ^ox ^^^x ^^^x ^ < ^ ^^^^ 
Treatment 
< / # . x ' < ^ x ^ . x ^ .x^ x<^ v ^ J ^ 
Treatment 
Fig. 16.b.2 Effect of neem seed cake and Trichoderma harzianum on number of nodules per root system, 
nematode population and root-rot index content of chickpea (Cicer arietinum var. Avrodhi) inoculated 
with Meloidogyne incognita and Rhizoctonia solani f. sp. ciceri in the presence of Rhizobium. 
and 28.67% in NC, NC + Th, NC + Mi, NC + Rs, NC + Mi + Rs, NC + Mi + Th, NC 
+ Rs + Th and NC + Mi + Rs + Th inoculated plant respectively over control. 
The data presented in table 16.a.2 indicate that chlorophyll 'a' was 2.734, 
3.014, 2.388, 2.336, 2.050, 2.773, 2.379, 2.390 mg/g as against 1.873 mg/g; 
chlorophyll 'b' was 1.396, 1.376, 1.245, 1.133, 1.080, 1.127, 1.242, 1.245 mg/g as 
against 0.938 mg/g and total chlorophyll content was 4.130, 4.390, 3.633, 3.469, 
3.130, 3.900, 3.621, 3.635 mg/g as against 2.811, NC, NC + Th, NC + Mi, NC + Rs, 
NC+Mi+Rs, NC+Mi+Th, NC+Rs+Th, NC+Mi+Rs+Th inoculated plants respectively 
over control. Total chlorophyll content was increased by 46.92, 56.17, 29.24, 23.41, 
11.35, 38.74, 28.82, 29.31% NC, NC + Th, NC + Mi, NC + Rs, NC + Mi + Rs, NC + 
Mi + Th, NC + Rs + Th, NC + Mi + Rs + Th inoculated plants respectively over 
control. 
Number of nodules were 88, 95, 74, 69, 60, 80, 77, 76, in NC, NC+Th, 
NC+Mi, NC+Rs, NC+Mi+Rs, NC+Mi+Th, NC+Rs+Th, NC+Mi+Rs+Th inoculatd 
plants respectively over control. 
Total nematode population 2020, 1740, 846 and 910 NC + Mi, NC + Mi + Rs, 
NC + Mi + Th and NC + Mi + Rs + Th inoculated plants respecitely and rate of 
nematode multiplication was 2.02, 1.74, 0.85 and 0.91 in above given treatment 
respectively. 
Number of galls were observed 15, 13, 7 and 8 in NC + Mi, NC + Mi + Rs, 
NC + Mi + Th and NC + Mi + Rs + Th inoculated plants respectively over control. 
Root-rot index was observed 1.20, 1.90, 0.40 and 1.20 in NC + Rs, NC + Mi + 
Rs, NC + Rs + Th and NC + Mi + Rs + Th inoculated plants respectively. 
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Table 16.a.3 Effect of castor seed cake and Trichoderma hamanum on plant 
growth of chickpea {Cicer arietinum) cv. Avrodhi inoculated with Meloidogyne 
incognita and Rhizoctonia solani in the presence of Rhizobium. 
Result presented in Table 16.a.3 reveal that the shoot length of the test plant 
was recorded 64.45, 67.60, 58.20, 58.80, 52.30, 62.82, 61.20, 59.00 cm as against 
50.25 cm; root length was 32.30, 34.30, 29.20, 29.50, 26.30, 31.60, 30,80, 29.70 cm 
as against 25.75 cm; total plant length was 96.75, 101.90, 87.40, 88.30, 78.60, 94.42, 
92.00, 88.70 cm as against 76.00 cm; fresh shoot weight was 39.36, 41.25, 34.34, 
34.39, 30.20, 37.85, 36.60, 35.40 g as against 28.61 g; fresh root weight was 16.60, 
17.55, 14.60, 14.71, 12.80, 15.95, 15.40, 14.60 g as against 12.65 g; total fresh weight 
was 55.96, 58.80, 48.94, 49.10, 43.00, 53.80, 52.00, 50.00 g as against 41.26 g; dry 
shoot weight was 10.38, 10.92, 8.56, 8.58, 7.43, 9.80, 9.02, 8.68 g as against 7.46 g; 
dry root weight was 3.57, 3.82, 2.94, 2.99, 2.59, 3.39, 3.18, 3.02g as against 2.54 g 
and total dry weight was 13.95, 14.74, 11.50, 11.57, 10.02, 13.19, 12.20, 11.70 g as 
against 10.00 g in CC, CC + Th, CC + Mi, Cc + Rs, CC + Mi + Rs, CC + Mi + Th and 
CC + Mi + Rs + Th inoculated plant respectively over control. 
The total plant length was increased by 27.30, 34.08, 15.00, 16.18, 3.42, 
24.24, 21.05 and 16.71; plant fresh weight 35.63, 42.51, 18.61, 19.00, 4.22, 30.59, 
26.03, 21.18%; dry weight 39.50, 47.40, 15.00, 15.70, 0.20, 31.90, 22.00, 17.00 in 
CC, CC + Th, CC + Mi, CC + Rs, CC + Mi + Rs, CC + Mi + Th, CC + Rs + Th and 
CC + Mi + Rs + Th inoculated plants respectively over control. 
Total number of pods were recorded 60.33, 62.33, 52.00, 52.00, 52.00, 47.66, 
57,66, 54.33 and 53.00 in CC, CC + Th, CC + Mi, CC + Rs, CC + Mi + Rs, CC + Mi 
+ Th, CC + Rs + Th and CC + Mi + Rs + Th inoculated plants respectively as against 
43.00 in uninoculated control pod yield was increased by 40.30, 44.95, 20.93, 20.93, 
10.84, 34.09, 26.35 and 23.26% in CC, CC + Th, CC + Mi, CC + Rs, CC + Mi + Rs, 
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Fig. 16.a.3 Effect of castor seed cake and Trichoderma harzianum, on dry weight and chlorophyll 
content of chickpea {Cicer ahetinum var. Avrodhi) inoculated Wi^Meloidogyne incognita 
and Rhizoctonia solani in the presence of Rhizobium. 
Treatment Treatment 
rC 
Fig. I6.b.3 Effect of castor seed cake and Thchoderma harzianum on number of nodules per root system, 
nematode population and root-rot index content of chickpea {Cicer arietinum var. Avrodhi) inoculated 
with Meloidogyne incognita and Rhizoctonia solani in the presence oi Rhizobium. 
CC + Mi + Th, CC + Rs + Th and CC + Mi + Rs + Th inoculated plants respectively 
over control. 
The data presented in table 16.a.3 indicate that the chlorophyll 'a' was 2.704, 
2.835, 2.341, 2.243, 1.956, 2.540, 2.341, 2.356 mg/g as against 1.583 mg/g; 
chlorophyll 'b was 1.313, 1.405, 1.070, 1.092, 1.056, 1.218, 1.140, 1.075 mg/g as 
against 0.938 mg/g and total chlorophyll contents 4.017, 4.240, 3.411, 3.335, 3.012, 
3.758, 3.481, 3.431 mg/g as against 2.811 mg/g, CC, CC + Th, CC + Mi, CC + Rs, 
CC + Mi + Rs, CC + Mi + Th, CC + Rs + Th, CC + Mi + Rs + Th inoculated plant 
respectively over control. Total chlorophyll content was increased by 42.90, 50.84, 
21.34, 18.64, 7.15, 33.69, 23.83, 22.06% in CC, CC + Th, CC + Mi, CC + Rs, CC + 
Mi + Rs, CC + Mi + Th, CC + Rs + Th and CC + Mi + Rs + Th inoculated plant 
respectively over control. 
Numbers of nodules were 86, 89, 72, 67, 59, 82, 75, 72, in CC, CC+Th, 
CC+Mi, CC+Rs, CC+Mi+Rs, CC+Mi+Th, CC+Rs+Th, CC+Mi+Rs+Th respectively 
as against 61 in uninoculated control. 
Total nematode population 2130, 1810, 910 and 1000 in CC + Mi, CC + Mi + 
Rs, CC + Mi + Th and CC + Mi + Rs + Th inoculated plants respectively and rate of 
nematode multiplication was 2.13, 1.81, 0.91 and 1.00 in above given treatment 
respectively. 
Number of galls were observed 16, 8, 7 and 10 CC + Mi, CC + Mi + Rs, CC + 
Mi + Th and CC + Mi + Rs + Th inoculated plants respectively over control. 
Root-rot index was observed 1.35, 2.10, 0.60 and 1.50 in CC + Rs, CC + Mi + 
Rs, CC + Rs + Th and CC + Mi + Rs + Th inoculated plants respectively. 
135 
Table 16.a.4 Effect of pUudi cake and Trichoderma harzianum on plant growth of 
chickpea (Cicer arietinum) cv. Avrodhi inoculated with Meloidogyne incognita 
and Rhizoctonia solani in the presence of Rhizobium. 
Result presented in Table 16.a.4 reveal that the shoot length of the test plant 
was recorded 60.82, 63.80, 52.80, 52.30, 46.75, 59.00, 56.30, 52.70 cm as against 
50.25 cm; root length was 30.60, 32.40, 26.70, 26.70, 23.50, 30.00, 28.50, 26.60 cm 
as against 25.75 cm; total plant length was 91.42, 96.20, 79.50, 79.00, 70.25, 89.00 
84.80, 79.30 cm as against 76.00 cm; fresh shoot weight was 37.00, 39.40, 31.60, 
31.30, 25.95, 35.60, 33.50, 31.30 g as against 28.61 g; fresh root weight was 16.00, 
16.60, 13.70, 13.60, 11.25, 15.40, 14.40, 13.70 gas against 12.65 g; total fresh weight 
was 53.00, 56.00, 45.30, 44.90, 37.20, 51.00, 47.90, 45.00 g as against 41.26 g; dry 
shoot weight 9.86, 10.40, 7.78, 7.63, 6.32, 9.08, 8.37, 7.68 g as against 7.46 g; dry 
root weight 3.44, 3.60, 2.71, 2.68, 2.20, 3.20, 2.93, 2.70 g as against 2.54 g; total dry 
weight was 13.30, 14.00, 10.49, 10.31, 8.52, 12.28, 11.30, 10.38 g as against 10.00 g 
in PC, PC + Th, PC + Mi, PC + Rs, PC + Mi + Rs, PC + Mi + Th, PC + Rs + Th and 
PC + Mi + Rs + Th inoculated plants respectively over control. 
The total plant length was increased by 20.29, 26.58, 4.61, 3.95, 17.11, 11.58 
and 4.34% plant fresh weight 28.45, 35.72, 9.79, 8.82, 23.61, 16.09, 9.06% and plant 
dry weight 33.00, 40.00, 4.90; 3.10, 22.80, 13.00, 3.80 in PC, PC + Th, PC + Mi, PC 
+ Rs, PC + Mi + Th, PC + Rs + Th and PC + Mi + Rs + Th inoculated plant 
respectively over control and plant length was reduced 7.57 cm plant fresh weight 
9.84% and plant dry weight 14.80% in PC + Mi + Rs inoculated plants over control. 
Total number of pods were recorded 58.00, 60.00, 49.00, 47.33, 43.66, 53.66, 
50.66, and 48.66 in PC, PC + Th, PC + Mi, PC + Rs, PC + Mi + Rs, PC + Mi + Th, 
PC + Rs + Th and PC + Mi + Rs + Th inoculated plant respectively as against 43.00 
in uninoculated control. Pod yield was increased by 34.88, 39.53, 13.95, 10.07, 1.53, 
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Fig. 16.a.4 Effect of piludi cake and Trichoderma harzianum on dry weight and chlorophyll content 
of chickpea {Cicer arietinum var. Avrodhi) inoculated with Meloidogyne incognita and 
Rhizoctonia solani in the presence of Rhizobium. 
<f^ 
^^ .^ .^ j ^ S" 
^ ^ ^ ^ ^ 
> , x ^ ^x^ ^ x ^ ^ 
<& <f' ^ ^ x ^ 
Treatment Treatment 
Fig. 16.b.4 Effect of piludi cake and Trichoderma harzianum on number of nodules per root system, 
nematode population and root-rot index of chickpea {Cicer ahetinum var. Avrodhi) inoculated 
•mih Meloidogyne incognita and Rhizoctonia solani in the presence of Rhizobium. 
24.79, 17.81 and 13.16% in PC, PC + Th, PC + Mi, PC + Rs, PC + Mi + Th, PC + Rs 
+ Th and PC + Mi + Rs + Th inoculated plant respectively over control. 
The data presented in table 16.a.4 indicate that chlorophyll 'a' was 2.759, 
2.734, 2.221, 1.990, 1.867, 2.364, 2.251, 2.118 mg/g as against 1.873 mg/g and 
chlorophyll 'b' was 1.144, 1.341, 1.041, 1.085, 0.903, 1.239, 1.090, 1.040 mg/g as 
against 0.938 mg/g and total chlorophyll content was 3.903, 4.075, 3.262, 3.075, 
2.770, 3.603, 3.341, 3.158 as against 2.811 mg/g in PC, PC + Th, PC + Mi, PC + Rs, 
PC + Mi + Rs, PC + Mi + Th, PC + Rs + Th, PC + Mi + Rs + Th inoculated plant 
respectively over control. Total chlorophyll content was increased by 38.85, 44.97, 
16.04, 9.39, 28.18, 18.85, 12.34% and decreased 1.46% in PC, PC + Th, PC + Mi, PC 
+ Rs, PC + Mi + Th, PC + Rs + Th, PC + Mi + Rs + Th and PC + Mi + Rs inoculated 
plant respectively over control. 
Number of nodules were 80, 86, 63, 59, 50, 74, 68, 64, in PC, PC+Th, PC+Mi, 
PC+Rs, PC+Mi+Rs, PC+Mi+Th, PC+Rs+Th, PC+Mi+Rs+Th inoculated plants as 
against 61 in uninoulated control. 
Total nematode population was 2735, 2020, 1176, 1240 in PC + Mi, PC + Mi 
+ Rs, PC + Mi + Th, PC + Mi + Rs + Th inoculated plant respectively and rate of 
nematode multiplication was 2.74, 2.02, 1.18 and 1.24 in above given treatment 
respectively. 
Number of galls were observed 21, 18, 10 and 10 in PC + Mi, PC + Mi + Rs, 
PC + Mi + Th and PC + Mi + Rs + Th inoculated plants respectively over control. 
Root-rot index was observed 2.20, 2.60, 0.90 and 2.00 in PC + Rs, PC + Mi + 
Rs, PC + Rs + Th and PC + Mi + Rs + Th inoculated plant respectively. 
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Table 16.a.5 Effect of sunflower seed cake and Trichodernta harzianum on plant 
growth of chickpea (Cicer arietinum) cv. Avarodhi inoculated with Meloidogyne 
incognita and Rhizoctonia solani in the presence of Rhizobium. 
Results presented in Table 16.a.5 reveal that the shoot length of the test plant 
was recorded 60.05, 62.30, 51.30, 50.90, 44.80, 58.40, 55.230, 50.50 cm as against 
50.25 cm; root length was 29.90, 31.70, 25.70, 25.40, 22.30, 29.20, 27.80, 25.00 cm 
as against 25.75 cm; total plant length was 89.95, 94.00, 77.00, 76.30, 67.10, 87.60, 
83.00, 75.50 cm as against 76.00 cm; fresh shoot weight 36.50, 38.10, 30.63, 30.35, 
25.64, 35.20, 32.90, 28.91 g as against 28.61 g; fresh root weight was 15.50, 16.50, 
12.89, 12.85, 10.66, 14.80, 14.10, 12.31 g as against 12.65 g; total fresh weight was 
52.00, 54.60, 43.52, 43.20, 36.30, 50.00 47.00, 41.22 g as against 41.26 g; dry shoot 
weight 9.64, 10.14, 7.65, 7.42, 6.15, 8.69, 8.16, 7.25 g as against 7.46 g; dry root 
weight was 3.36, 3.56, 2.62, 2.60, 2.22, 3.05, 2.86, 2.53 g as against 2.54 g and total 
dry weight was 13.00, 13.70, 10.27, 10.02, 8.37, 11.74, 11.02, 9.78 gas against 10.00 
g in SC, SC + Th, SC + Mi, SC + Rs, SC + Mi + Rs, SC + Mi + Th, SC + Rs + Th and 
SC + Mi + Rs + Th inoculated plant respectively over control. 
The total plant length was increased by 18.36, 23.68, 1.32, 0.39, 15.26, 9.21%, 
plant fresh weight 26.03, 32.33, 5.48, 4.70, 21.18 and 13.91% and plant dry weight 
30.00, 37.00, 2.70, 0.20, 17.40, 10.20% in SC, SC + Th, SC + Mi, SC + Rs, SC + Mi 
+ Th and SC + Rs + Th inoculated plants respectively over control. Total plant length 
was reduced by 11.71, 0.66%; plant fresh weight 12.02, 0.10% and plant dry weight 
16.30, 2.20% in SC + Mi + Rs and SC + Mi + Rs + Th inoculated plants respectively 
over control. 
Total number of pod were recorded 57.00, 60.00, 47.00, 46.00, 41.66, 52.00, 
49.33 and 45.66 in SC, SC + Th, SC + Mi, SC + Rs, SC + Mi + Rs, SC + Mi + Th, SC 
+ Rs + Th and SC + Mi + Rs + Th inoculated plant respectively as against 43.00 in 
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Fig. 16.a.5 Effect of sunflowre cake and Trichoderma harzianum, on dry weight and chlorophyll content 
of chickpea (Cicer arietinum var. Avrodhi) inoculated with Meloidogyne incognita and 
Rhizoctonia solani in the presence of Rhizobium. 
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Fig. 16.b.5 Effect of sunflower cake and Trichoderma harzianum on number of nodules per root system, 
nematode population and root-rot index of chickpea {Cicer arietinum var. Avrodhi) inoculated 
ym&i Meloidogyne incognita and Rhizoctonia solani in the presence oi Rhizobium. 
uninoculated control. Pod yield was increased 32.56, 39.53, 9.30, 6.98, 20.93, 14.72 
and 6.19% SC, SC + Th, SC + Mi, SC + Rs, SC + Mi + Th, SC + Rs + Th and SC + 
Mi + Rs + Th inoculated plant respectively over control and pod yield was decreased 
3.12% in SC + Mi + Rs inoculated plant over control. 
The data presented in table 16.b.5 indicate that the chlorophyll 'a' was 2.664, 
2.706, 1.459, 1.955, 1.808, 2.318, 2.115, 1.964 mg/g as against 1.873 mg/g 
chlorophyll 'b' was 1.196, 1.314, 1.053, 1.048, 0.837, 1.172, 1.110, 1.049 mg/g as 
against 0.938 mg/g and total chlorophyll content was 3.860, 4.020, 3.012, 3.03, 2.645, 
3.490, 3.225, 3.013 mg/g as against 2.811 mg/g m SC, SC + Th, SC + Mi, SC + Rs, 
SC + Mi + Rs, SC + Mi + Th, SC + Rs + Th and SC + Mi + Rs + Th inoculated plant 
respectively over control. Total chlorophyll content was increased by 37.32, 43.01, 
7.15, 6.83, 24.16, 14.73, 7.19% and decreased 5.91% in SC, SC + Th, SC + Mi, SC + 
Rs, SC + Mi + Th, SC + Rs + Th, SC + Mi + Rs + Th and SC + Mi + Rs inoculated 
plant respectively over control. 
Number of nodules were 80, 83, 61, 56, 46, 70, 65, 59, in SC, SC+Th, SC+Mi, 
SC+Rs, SC+Mi+Rs, SC+Mi+Th, SC+Rs+Th, SC+Mi+Rs+Th respectively as against 
61 in uninoculated ontrol. 
Total nematode population was 2805, 2165, 1310 and 1418 in SC + Mi, SC + 
Mi + Rs, SC + Mi + Th and SC + Mi + Rs + Th inoculated plant respectively and rate 
of nematode multiplication was 2.81, 2.17, 1.31 and 1.42 in above given treatment 
respectively. Number of galls were observed 22, 18, 10, 12 in SC + Mi, SC + Mi + 
Rs, SC + Mi + Th, SC + Mi + Rs + Th inoculated plant respectively over control. 
Root-rot index was observed 2.40, 2.50, 0.85 and 2.00 in SC + Rs, SC + Mi + 
Rs, SC + Rs + Th and SC + Mi + Rs + Th inoculated plant respectively over control. 
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CHAPTERS DISCUSSION 
In nature plants are rarely exposed to the influence of single pathogen. Fawcett 
(1931) recognized that 'nature does not work with pure cultures' and that many plant 
diseases are influenced by associated organisms. Root grow in soil containing a great 
number of microorganisms (nematode, bacteria, fungi and viruses etc.), whose action 
is often combined to induce damage. Plant-parasitic nematodes often play a major 
role in disease interactions. For centuries the economically important grain legume 
crops have been attacked by plant parasitic nematodes throughout the world. They 
severely damage a wide range of agricultural crops, causing serious yield losses, 
especially in the tropical and subtropical regions, where environmental factors favour 
their survival and dispersal (Sikora and Fernandez, 2005). Most of the diseases caused 
by nematodes are debilitating, however, in association with other pathogens, the 
disease picture is often drastically altered. Several workers have reported the 
interrelationship and interaction between nematodes and fungi on different 
economically important plants (Powell, 1963, 1971a, 1971b, 1979; Pitcher, 1965; 
Bergeson, 1972; Taylor, 1979; Sidhu and Webster, 1981b; Rebeiro and Ferraz, 1983; 
Kumar and Sivakumar, 1981; Uma-Maheshwari et al, 1997). These investigations 
have led to a change from monopathogenic to multipathogenic disease concept. 
Though all the plants are being parasitized by one or more pathogens at a given time 
in nature, the economic losses become evident only when their population or the 
quality exceed to noxious levels. 
In case of chickpea, the major obstacle in the way of increasing production are 
various diseases which are responsible for yield reduction. 
The present study embodies three broad aspects related to the pathogens, root-
knot nematode, Meloidogyne incognita; wilt fungus, Fusarium oxysporum f sp. ciceri 
and root-rot fungus, Rhizoctonia solani in chickpea. Pathogenicity test, interaction of 
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all the three pathogens and strategies for their control by Trichoderma harzicamm, and 
oil-seed cakes (neem, castor, piludi and sunflower). 
The pathogenicity test confirmed the susceptibility of chickpea {Cicer 
arietirmm) var. Avrodhi in terms of damage in plant length, fi-esh as well as dry 
weight, pod number, chlorophyll contents, root nodulation, wilt and root-rot 
development by using different inoculum levels of root-knot nematode, Meloidogyne 
incognita, wilt fungus, Fuscaium oxysporum fsp. ciceri and root-rot fimgus, 
Rhizoctonia solani. Similar studies have also been conducted by other workers to 
evaluate the susceptibility of pulses to root-knot nematode, Meloidogyne incognita, 
wilt fungus, Fusarium oxysporum fsp. ciceri and Rhizoctonia solani (Tiyagi and 
Alam, 1986; Sahoo et al., 1986; Tiyagi and Alam, 1987; Varshney et al., 1987 
Mohanty et al., 1989; Khan and Hussaini-Nejed, 1991; Kalita and Phukan, 1993 
Samathanam and Seth, 1996; Anwar and Alam, 1997; Siddiqui and Mahmood, 1996 
Mahapatra et al., 1999; Haider et cA., 2003). 
In above studies the pathogenicity was assessed only on the basis of disease 
development (e.g. root-knot development, wilt and root-rot index, nematode 
population), whereas, in the present study large number of plant growth parameters 
have been taken into account to obtain more accurate assessment of plant to the test 
pathogens (Tables 1 to 6). 
Plant damage due to the test pathogens increased with increasing inoculum 
levels. More damage was caused by Fusarium oxysporum fsp. ciceri followed by 
Rhizoctonia solani and Meloidogyne incognita. Growth parameters (length, fi-esh 
weight and dry weight) of the test plant was reduced at all the inoculum levels of all 
the three pathogens to a varying degree. The reduction in plant growth increased with 
an increase in inoculum level. Present findings are in agreement with Tiyagi and 
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Alam (1988), Azam (1975), Varshney (1982), Fazal et al. (1994), Zakiuddin (1984) 
and Khan (1984). 
Significant reduction was also observed in the photosynthetic pigment, 
chlorophyll contents. In infected plants reduction in growth adversely aflfects the 
photosynthesis, which in tern impede development of plant weight, number of flowers 
and delayed flowering ultimately resulting in reduced yield (Melakeberhan et al., 
1985). Nematodes also decreased water uptake by destroying plant roots (Meon et al, 
1978). The physiological eflFects of decreased water availabiUty include decreased 
nutrient uptake and translocation of solutes, decreased chloroplast activity, 
decomposition of protein and nucleic acids and increased hydrolytic enzymes 
(Schoeneweisis, 1978). 
The decrease in pod number may also be due to deficiency of food supply to 
the fertile branch (Tiyagi and Alam, 1989, 1990) and to the deficiency of mineral 
nutrition (Melekeberhan et al., 1985; Wallace, 1974). Number of nodules were 
reduced in the test plant due to nutritional interference particularly carbohydrate or 
physiological changes (Bopaiah et al, 1976a, TiJia and Raski, 1969) or anatomical 
changes (Balasubramanian, 1971) brought about by nematode infection of plants 
rather than the secretion of hydrolytic and oxidative eniymes (Barker et al, 1972) or 
competitive phenomenon between rhizobia and nematode (Epps and Chambers, 1962, 
Malek and Jenkins, 1964). 
The rate of nematode multiplication was adversely affected by increasing 
inoculum levels. Such observations have been given out by several workers (Nath et 
al, 1979; Walia and Seshadri, 1985; Fazal et al, 1994; Ahmad and Alam, 1997). The 
decrease in the rate of nematode muhiplication with increasing inoculum levels may 
be due to competition for food and space (Davide and Triantaphillou, 1967; Chapman, 
1959; Gupta and Yadav, 1979; Salem and Eissa, 1981). 
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Interactive effect of root-knot nematode, Meloidogyne incognita, wilt fungus, 
Fusarium oxysporum f.sp. ciceri and root-rot fungus, Rhizoctonia solani on 
chickpea: 
Chickpea is frequently attacked by wilt caused by Fusarium oxysporum f.sp. 
ciceri (Woltz and Jones, 1981). Like wilt fungi, root-rot ftingi are capable of causing 
root diseases on their own and have their own inherent mechanism of root penetration. 
The role of nematode in root-rot diseases in general is related to assisting the fungal 
pathogen in its pathogenesis and increasing host susceptibility. Nematodes, by 
wounding provide the fimgal pathogen access to root tissue (Inagaki and Powell, 
1969). Various species of Fusarium and Rhizoctonia are prominent fiingi that are 
known to interact with different plant-parasitic nematodes. 
The results (Tables 7 to 10) suggested that the nematode and two fiingi 
individually caused significant reduction in total plant length, fresh weight and dry 
weight as compared to uninoculated control. When both pathogens were inoculated 
concomitantly, the decline in plant growth parameters (viz. plant length, fresh weight 
and dry weight) were greater than with these pathogens alone. However, the 
maximum reduction in all growth parameters was found in the treatment, where the 
nematode and fiingus were inoculated simultaneously (Tables 7 to 10). Maximum 
plant growth reduction in the simultaneous inoculation of both the pathogens can be 
assigned to the fact that when a plant is jointly infected by more than one pathogen, it 
seem reasonable to expect that activities of the other changed its susceptibility due to 
physiological changes occurred in host plant tissues (Powell, 1979). 
Greatest reduction in number of pods and chlorophyll contents was in 
concomitant inoculation of both the pathogens, could be explained by the fact that 
both pathogens got equal opportunity to parasitize the root for longer time and alter 
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the host physiology and biochemistry (Khan and Saxena, 1969; Yang et al., 1976; 
Mani, 1983; Azame/a/., 1984). 
All the three pathogens affected the nodulation either singly or in 
combinations when compared to uninoculated control (Tables 7 to 10). In case of 
combined inoculations the greatest reduction in nodulation was caused by in 
simultaneous inoculation of both the pathogens. Reduction in number of nodules 
might have been due to adverse effect of toxic substances of nematode and/or fungus 
origin on Rhizobium or due to the interruption in translocation and/or utilization of 
host plant material by the nematode and/or fungus. The results are in agreement with 
Masefield (1958) and Khan & Husain (1988). The rate of nematode multipUcation 
was adversely affected in the presence oiF. oxysporum f sp. ciceri and/or R. solani. 
Reduced multiplication of nematode in the presence of fungus can be ascribed to the 
destruction of root tissues by the fungus before the completion of nematode life cycle 
(Nath et al., 1979; Fazal et al, 1998) or due to possible toxic effect of fungal exudates 
on nematodes. Some of the biochemical changes occurring during the development of 
syncytia/giant cells induced by M incognita remain in state of high metabolic activity 
through continuous stimulation by the nematode (Webster, 1975). They contain 
maximum DNA, RNA, sugars, hemicellulose, lipids, organic acids, protein and amino 
acid (Bird, 1972). The enriched medium benefits the fungal pathogens in their 
interaction with root-knot nematodes. Further physiological alterations by the 
nematode improve the nutrient status of the host for the fungal pathogens. It is also 
likely that some toxic fungal secretions might have reduced larval population around 
the roots (Khan et al., 1984; Shah and Azam, 1992). Therefore, it appears that as a 
result of fiingal parasitism root-knot nematode has failed to establish itself 
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Effect of Rhizffbium on fungi and nematode: 
Most leguminous plants are symbiotic with nodule forming Rhizobiimt. 
Rhizobia fixed nitrogen which benefits plant growth. The inoculation of seeds with 
Rhziobium is known to increase nodulation, nitrogen uptake, growth and yield 
response of crop plants (Dorosinsky and Kadyrov, 1975, Patil and Shinde, 1980; 
Herandez and Hill, 1983; Zaidi et al, 2003). In the recent past, rhizobia have gained 
reputation of controlling soil-borne root-infecting fimgi belonging to the genera 
Fusarium, Rhizoctonia and Macrophomina (Ehteshamul Haque and Ghaflfar, 1993; 
Sharif er a/., 2003; Ozkoc and Deliveli, 2001; Arfaoui et al, 2006; Khalequzzaman 
and Hossam, 2007) and the root-knot nematode (Siddiqui etal., 1998; Omar and Abd-
Alla, 1998; Siddiqui et al, 2001), besides fixation of the atmospheric nitrogen. 
Rhizobia are reported to produce bacteriocin(Roslycky, 1967), Rhizobiotoxine 
(Chakraborty and Purkayastha, 1984) which have inhibitory effect on soil-borne plant 
pathogens. Rhizobia are also reported to produce acid which have antifimgal effect 
(Khokhar et al, 2001). The rhizobia present in the rhizosphere of plants presumably 
prevent the contact of pathogenic fimgi by covering hyphal tip of the fiingus and by 
parasitizing it (Tu, 1978). Besides parasitizing the hyphae rhizobia also produce 
antibiotics (Maliyezuk, 1983) which resulted in the lysis of fiingal hyphae (Malajezuk 
et al, 1984). Rhizobia are gram-negative and may have lectin binding structure in the 
lipopolysaccharide layer of cell wall membrane (Lotan et al, 1975). Therefore, the 
mechanism responsible for reduction in nematode penetration may have related to the 
ability of the bacteria to envelop or bind to root surface lectins, thereby interfering 
with the normal host recognition (Oostendorp and Sikora, 1990). Rhizobium 
leguminosarum is reported to produce increased levels of phytoalexin (4-hydroxy-
2,3,9-trimethoxy pterocarpan) in pea (Chakraborty and Chakraborty, 1989). Rhizobia 
have several mechanisms of action that allow them to control pathogens. These 
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mechanisms include competition for nutrients (Essalmani and Lahloii, 2002), 
production of antibiotics (Chakrborty and Purkayastha, 1984; Ehteshamul Haque and 
Ghaffar, 1993), promotion of plant growth, in terms of better shoot height, root 
length, dry weight and root nodulation (Siddiqui et al, 2000; Siddiqui and Mahmood, 
2001) and induction of plant defence mechanisms (Abdelaziz et al., 1996). Since the 
rhizosphere provide frontline defence for roots against attack by pathogens, the 
rhizobia present in the rhizosphere are ideal for use as biocontrol agents. 
Effect of antagonistic fungus, Trichoderma harzjumum on fungi and nematode: 
The infection of wilt fungus, Fusarium oxysporum f sp. ciceri and root-rot 
fungus, Rhizoctonia soUmi caused greater reduction in plant growth characters viz. 
plant length, plant weight (fresh and dry), number of pods and nodulation than caused 
by the infection of root-knot nematode, Meloidogyne incognita. Effect of antagonistic 
fungus {Trichoderma harziamim) was evaluated against the test pathogens (M 
incognita, F. oxysporum fsp. ciceri and Rhizoctonia solani) singly or in their 
combinations on chickpea plant. It was cleared from the results given in (Tables 7 to 
10) that the test pathogens individually caused significant damage to the host. Further, 
the different combination of M incognita, F. oxysporum fsp. ciceri and R. solani 
brought about more reduction in plant growth parameters. It was also observed that 
different treatments with antagonistic fiingi have effectively contained the pathogenic 
effect. Different inoculum levels of the antagonistic fungus was tested for their 
potency. Inoculum level (1.0 g/pot) of antagonistic flingi provided the best result for 
reducing the plant damage caused by pathogens singly or in different combinations 
(Tables 11 and 12). The antagonistic fungus not only reduced the pathogenic effects 
but also improved the plant growth (length, fresh and dry weight, pod number, 
chlorophyll content and nodulation) of chickpea. These results support many earlier 
findings where antagonistic fungus have been reported to be highly deleterious to 
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nematodes and fiingi (Windham et ai, 1989; SaifiiUah, 1996a,b; Saifullah and 
Thomas, 1996; Ahmad and Alam, 1997; Perveen et al, 1998; Dubey, 1998; Kubicek 
and Harman 1998; Duponnois et al, 1998; Rao et ai, 1998; Fatemy, 1999; Elad, 
2000; Srivastava and Singh, 2000; Dubey, 2000; Viaene and Abawi, 2000; McBeath 
et al, 2001; Bunker and Mathur, 2001; Kumar and Dubey, 2001; Dubey, 2003; Batta, 
2004; Podder et al, 2004; Harman, 2004; Brewer and Larkin, 2005; Santamarina and 
Rosello, 2006; Rojo et al, 2007) on various crops. The improvement in root 
nodulation as well as in photosynthetic pigment could be due to direct effect on 
different treatments or indirectly through control of the pathogens. In any way, 
improved nodulation as well as chlorophyll content might have, in tern helped the 
plants for their luxuriant growth. 
Use of Trichoderma spp. in the biological control of soil-borne fungi like 
Sclerotium rolfsii Sacc., Rhizoctonia solani Kuhn, Fusarium spp. and Macrphomina 
phaseolina has also been reported (Elad et al, 1971; Wells et al, 1972; Chet et al, 
1981; Bell et al, 1982; Elad, 1986; Chet, 1987; Ghaflfar, 1992; Bunker et al, 2001; 
Devi and Reddy, 2002; Rini and Sulochna, 2006). Besides control of root infecting 
fungi, T. hca-zianum has also been found to antagonize plant-parasitic nematodes 
(Saifullah, 1996a; Dos Santos et al, 1992; Siddiqui et al, 2001). Trichoderma spp. 
significantly reduced egg hatching, caused mortality of M javanica juveniles and 
suppressed nematode populations in soil and root and subsequently reduced root-knot 
development in both okra and mungbean (Siddiqui et al, 2001). 
Trichoderma spp. are active rhizosphere colonizers (Tronsmo and Harman, 
1992; de Meyer, 1998; Yedidiya et al, 1999, 2000; Howell et al, 2000) that produce 
glucanases (Lorito et al, 1996; Witkowska and Maj, 2002), protease (Elad, 2000; 
Geremia et al, 1993), chitinases (De La Cruz et al, 1992), bioactive metabolites 
(Antal et al, 2000; Manczinger et al, 2002) and a range of non-volatile and volatile 
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antibiotics (Ghisalberti and Sivasithamparam, 1991; Lida et al, 1993; Padmodaya and 
Reddy, 1996; Sivasithamparam and Ghisalberti, 1998; Kumar and Dubey, 2001; 
Dubey and Patel, 2001) and some cell wall degrading enzymes (Bello et al., 1997). 
Arora et al. (1992) reported that root colonization by Trichoderma frequently 
enhances root growth and development. Trichoderma harzianum increased root 
development in other crops under greenhouse or field conditions (Harman, 2000) and 
in chickpea (Dubey et al., 2007). T. harzianum also solubilises phosphorus (Altomare 
et al., 1999; Sharma, 2003) and stimulate plant growth even in the absence of the 
pathogen ( ^^mdham et al., 1986). Present findings are in agreement with the results 
reported by above workers. 
In the present findings antagonistic fungi not only reduced the intensity of 
nematode infection but also showed antagonistic efifect against F. oxysporum and R. 
solani. Antagonistic fixngi released some toxic metabolites or enzymes that might 
have inhibited the growth of fimgi. 
Identical experiments were also conducted by using unbacterized seeds. All 
the growth characters (plant length, fresh and dry weight, pod number, chlorophyll 
content) of the test plant were less than those raised from bacterized seeds. The 
growth parameters of chickpea plant was fiirther reduced in plant inoculated with 
pathogens as compared to pathogen inoculated plants in the absence of Rhizobium. 
Rate of nematode multiplication and disease incidence (wilt and root-rot index) was 
increased due to reduced resistance against invading pathogens. The present findings 
are in agreement with Bopaiah et al. (1976a); Orellana et al. (1976), and Tu (1980). 
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Effect of oilseed cakes and Trichoderma harzianum on the development of root-
knot nematode, Meloidogyne incognita; wilt fungus, Fusarium oxysporum f. sp. 
dceri and root-rot fungus, Rhizoctonia solani and on the growth of chickpea. 
Organic amendment of soil has been used by fanners since the beginning of 
the agriculture. It benefits physical and chemical soil properties which are inimical to 
nematodes (Ahmad ^t al., 1972), increases soil fertility and aids in pest control 
(Garcia Alvarez et al., 2004). Organic soil amendments used for nematode control are 
extremely heterogeneous, including green manuring, animal manuring, soil urban 
residues, and a variety of agro-indsutrial by-products (Cook and Baker, 1983; Hoitink, 
1988; D'Addabbo, 1995). It was found that when crop by-products are used as 
biofumigant materials the compounds released are mainly aldehydes and 
isothiocyanates, which have biocidal activity and have been related to control of 
plant-parasitic nematodes (Sayre et al., 1965; Abawi and Widmer, 2000; Garcia 
Alvarez et al., 2004). Organic additives are highly eflfective in suppressing many plant 
diseases including those caused by nematodes. 
In present studies it was observed that when soil was amended with oil-seed 
cakes (neem, castor, piludi and sunflower) caused significant reduction in the 
population of ph)rtoparasitic nematode, Meloidogyne incongita and the fi-equency of 
the pathogenic fungi, Fusarium oxysporum f sp. ciceri and Rhizoctonia solani and the 
chickpea growth parameters were increased, the fi-equency of saprophytic fiingi might 
have increased. The results are in agreement with those of Gour and Prasad (1970), 
Alam and Khan (1974) Siddiqui (1986) and Tyagi and Alam (1995) on diflFerent 
crops. It is observed that oil -seed cakes in diflFerent treatments have eflfectively 
controlled the pathogenic effects of both fungi and nematodes. Maximum inhibitory 
effect against pathogens was found with neem cake followed by castor, piludi and 
sunflower. 
149 
•^Sl8 
There are numerous theories which explain the mode of action of organic 
amendments leading to the control of plant parasitic nematodes. These includes : 
Organic amendments cause changes in the physical and chemical properties of soil 
which are inimical to nematodes (Ahmad et al., 1972). Nematicidal/nematostatic 
substances such as nimbidin, thionimon and azadirachtin from neem, present in the 
amendments, are released after dissolution in water, or in other words the organic 
matter itself is toxic to nematodes (Alam et al, 1978; Siddiqui and Alam, 1990). 
Predacious and parasitic activity of soil microorganisms is enhanced by incorporating 
the organic matter to the soil (Linford, 1937; Mankau, 1962). Several toxic substances 
eg. ammonia, H2S, formaldehyde, fatty acid, phenols, amino acids, and carbohydrates 
etc. released during decomposition of organic matter are toxic to many plant parasitic 
nematodes (Rodriguez-Kabana et al., 1965; Walker et al., 1967; Alam et al., 1978, 
1979). Metabolites of microbes, which are activated by organic amendments, are toxic 
to plant-parasitic nematodes (Alam et al., 1973; Pandey and Singh, 1990). 
Vander Laan (1956) had postulated that organic additives induce some sort of 
resistance in plants against plant parasitic nematodes. Oil-seed cake amended soil 
acquire some resistance against plant parasitic nematodes (Sitaramaiah and Singh, 
1978; Alam et al., 1980). They correlate this phenomenon with the increase in the 
phenolic levels in plant roots and proposed that this increase might have caused due 
to the absorption of phenolics released during amendment decomposition. As a resuh 
of the application of organic amendments, plant nutrients are released which 
accelerate root development and overall plant growth and thus helping the plants to 
escape nematode attack. 
Soil population of pathogenic fiingi e.g. Fusarium spp., Rhizoctonia solani 
were reduced by incorporating the organic matter to the soil on egg plant, okra and 
tomato (Khan et al., 1973, 1974a). Fusarium oxysporum fsp. ciceri on gram 
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(Chauhan, 1960), F. udum on pigeonpea (Singh and Singh, 1982), fatty acids, 
aldehydes, ketones, amino acids are released during the decomposition of organic 
matter have been reported to be toxic to pathogenic fungi (Khan et ai, 1974b; Sayre, 
1980). 
Thus, it appears that improvement in plant growth of chickpea in amended soil 
was due to reduction in population of plant parasitic nematodes and frequency of 
pathogenic fungi (Tables 11, 12, 13 and 14) and also due to their manurial eflfect (oil-
seed cake contain about 5-6% N) Increased microbial activity in amended soil is 
known to bring about unceased conversion of nitrogen to nitrate form (Gunner, 1963) 
and accelerated enzyme nitrate reductase activity, which results ultimately in 
increased metabolic activity of plants and plant growth. The frequency of pathogenic 
fiingi like F. oxysporum f sp. ciceri and K solcmi reduced m oil-seed cakes amended 
soil (Tables 11, 12, 13 and 14). The results has been supported by many workers 
(Sedldsi etal., 1999; Waliae/a/., 1999; Chen e/a/., 2000). 
In present studies it was observed that Trichoderma in association with 
Rhizobium and different oil cakes (neem, castor, piludi and sunflower) proved very 
effective in enhancing all the growth parameters of chickpea plant and reducing the 
population of root- knot nematode and frequency of both the fungi. (Tables 13 to 16) 
as compared to individual inoculations of either T. harziamim or oil-seed cake. Neem 
cake is proved to be highly effective against F. oxysporum f sp. ciceri, K solani and 
M incognita followed by castor cake, piludi cake and sunflower cake. T. harziamim 
in combination with neem, karanj and castor oil cakes significantly enhanced the 
plant growth, nodules and reduction in the nematode population (Pandy, 2005; 
Dubey et al., 2006) and Fusarium wilt (Afrozi et al., 2008). 
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The results obtained on the integrated management of chickpea are in 
conformity with findings of Pandey (2005), Dubey (2006), Nikam (2007) and Asfi-ozi 
e/a/. (2008). 
Therefore, the results of the present findings strongly suggest that oilseed 
cakes, antagonistic fiingi {Trichoderma spp.) combination may be beneficial for 
effective control of diseases caused by the root infecting pathogens and their possible 
amalgamation may show a proven biocidal eflScacy against a pest disease complex of 
a given crop. Hence, a satisfactory control programme could involve the use of 
organic amendments (oil seed cakes) and antagonistic fiingi in mixture rather than 
using them alone in a disease complex situation which present special problems for 
the disease management and this will be eco-fiiendly. 
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CHAPTER 6 SUMMARY 
Investigations on the pathogenicity of Me loidogyne incognita, F. oxysporum f. 
sp. ciceri and Rhizoctonia solani confirmed the destructive effect of these three 
pathogens on chickpea cv. Avrodhi. Lowest population of the three test pathogens 
caused no significant reduction in plant growth. Significant damage to plant growth 
occurred at or above 1000 juveniles ofM incognita and or/ 1.0 g or above inocula of 
Fusarium oxysporum f sp. ciceri and R. solani per kg soil both in unbacterized and 
bacterized plants. The test pathogens also reduce the number of pods, chlorophyll 
content and nodules/ plant. However significant reduction in nodulation was recorded 
at 500 larvae of nematode and / or 0.50 g fiingus. F. oxysporum tsp.ciceri was more 
damaging than R. solani and M. incognita. A significant linear relationship between 
initial and final nematode population was observed but rate of nematode 
multiplication decreased with the increase in inoculum level. Root galling was 
however, directionally proportional to inoculum level shovving an increase with the 
increasing inocula of nematodes. Similar trend was observed with respect to increase 
in wilt incidence and root-rotting in the increasing inoculum levels of both fiingi 
F.oxysporum f sp. ciceri and R. solani. 
Interactive Effect on Nematode and Fungi on Chickpea: 
Interaction between M incognita, F. oxysporum f sp. ciceri and R. solani was 
studied using variable inoculum levels and their combinations, were found to be 
highly detrimental to plant growth as measured in terms of plant length, fresh weight, 
dry weight, number of pods, chlorophyll contents and nodulation. In the mdividual 
inoculation of the test pathogens, the reduction in plant growth, photosynthetic 
pigments were directly proportional to the increase in the inoculum levels of the 
pathogens. Initial levels did not caused significant reduction in plant growth; 
however, in the increasing inoculum levels the reduction was quite high over 
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uninoculated control. In concomitant inoculations highest reduction in plant growth 
was observed withM incognita (Mi) + F. oxysporum f.sp.ciceri (Foe) followed by M 
incognita^ R. solani(Rs) combination in chickpea. 
The combinaton of variable inoculum levels of Mi+Foc and Mi+Rs in the test 
crop showed significant eflfect on plant reduction. Nematode multiplied to a varying 
degree when inoculated alone but with the increase in the inoculum levels, there was 
gradual decrease in the rate of nematode multiplication in imbacterized and bacterized 
plants. The fiingi F. oxy:^rum f sp. ciceri and R. solani showed an antagonistic 
efifect on the nematode multiplication and root galling. This effect was higher when 
highest inoculum levels were used with lowest nematode inocula. Wilt and root-rot 
showed considerable enhancement with the increase in fungal inocula alone and its 
various combinations with nematode. Maximum wilting and root- rot was observed 
at highest inoculum levels of both the fiingus, F. oxysporum f sp. ciceri and R. solani 
respectively. Wilting and root-rotting due to fungus increased markedly in all 
combinations with nematode, the highest being in simultaneous inoculation at higher 
doses of both the pathogens and least in the lower inocula of the test pathogens. 
Unbacterized plants showed lesser growth and greater damage than bacterized 
ones, when inoculated singly or in various combinations. Rate of nematode 
multiplication and root galling was highest in absence of Rhizobium as compared to 
bacterized ones either individually or in different combinations of both the pathogens. 
Wilting and root- rot was also highest in concomitant inoculation of both the 
pathogens in absence of Rhizobium. 
EfTect of Trichodertna harzianum on nematode and fungi: 
In a pot study, effect of antagonistic fungus, T. harzianum was assessed against test 
fungus singly or in combination with nematode on chickpea T. harzianum was found 
effective against all the pathogens in different treatments. As a consequence, all 
154 
plant growth parameters such as plant length, fresh weight, dry weight, number of 
pods, chlorophyll content and nodulation were increased (Tables 11, 12). The 
improvement in all growth parameters was greater in the presence of Rhizobium as 
compared to unbacterized plants. Nematode population, wilting and root-rot reduced 
in T. harzianum treated plants. This effect was greater in presence of Rhizobium than 
the unbacterized plants. 
Effect of oil seed cakes and Trichoderma harzianum on fungi and nematode on 
chickpea plant: 
Pot experiments were conducted to study the effect of different oil seed cakes (neem, 
castor, piludi and sunflower) against F. o^spontm f sp. ciceri, K solani and M 
incognita on chickpea. Incorporation of different oil seed cakes in soil proved to be 
highly effective against the test pathogens. Among all oil cakes, neem cake was 
found to be highly effective followed by castor, piludi and sunflower cake in limiting 
the detrimental effect of the pathogens. Ifighest inhibition of population of M 
incognita and frequency of pathogenic fungi was recorded with neem seed cake in 
combination with T. harzianum followed by castor, piludi and sunflower. As a 
consequence, of reduction in the population of M. incognita and frequency of 
F.oxysporum f sp. ciceri and R. solani, the plant growth (plant length, fresh weight, 
dry weight), number of pods, chlorophyll content and nodulation of chickpea plant 
improved. Moreover, there was positive correlation between the improvement in plant 
growth and reduction in population of test pathogens. 
In the absence of either of the pathogen the plant also showed improved plant 
growth and nodulation in comparison to untreated controls, when subjected to the oil 
cake amendments. In unbacterized seeds, the plant growth was less both in pathogen 
inoculated as well as in uninoculated plants. (Tables 13, 15). 
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